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Rotation rate, which is needed lor (Iderniin- 
ing lime, hence longitude, is currently ob- 
tained from regular stellar olwervulitiiis made 
From as many as 50 observatories |Nisitinued 
around the earth. The program is npt-rulcd 
by the Bureau International de I'l leu re 
(BIH) in Paris. 


.innal Oceanic and Aimosphei it Adminisiia- 

Start*. HD 20 W .2 


Trt new Itsrhnolnfsies, Very bni K lUsdine Inler- 
ftroDtiD (VLBI) anil the Chdul lS»iiioiiiiiR Sys- 
m (CPS), will pnjviilc the mnms lor achieving the 
wrfflnial goal or geodesists— .1 imitkil, wcnltlwitle 
Codtdc control point iielwurL tied l«» an im-rti.il 
JJfrnece system. VLBI will replaic optic al mctlmds 
[or determining bolls polar nunbni mid lounhUi 
,« hilh Mcnracics an order ol magnitude Inllrr 
md'wlh results available .1 week -ir less after nhscr- 
nliou.CiPS will permit rapid, ctonomii.il point pt>- 
adofflita with accuracies ol a lew ceiiiiimier* over 
disuma of too km ur nuira. The poientiai nl these 
nnfiptems will generate new uppliiatimis lor ge- 
odci) uid require a reevaliiatinn erf the icili- nl ge- 
afaan 


Introduction 


By today's standards, (he establishment of 
geodetic control networks river the last few 
centuries has been agonizingly slow, 'l itis is 
uin part because of Lite relatively meager re- 
wines devoted lolliis purpose; huL paucity 
of Tuiuli and personnel ate only a pari of Lite 
explanation for slow progress. At least equal- 
ly responsible are the stringent requiiemeuis 
for accuracy placed on geodesy ciucl the lack 
of adequate technology to achieve these actru- 


Lack of resources and adequate ted logy 

have certainly been limiting lain us. hut per- 
hapithe primary ichsoii geodetic networks 
are not as complete ns we would like them to 
be is (he enormity of the task. A principal 
goal has been to cover the can It with a net- 
uoikof monumentecl conlml poini.s, ad li- 
ntel)- positioned in a threc-cliinensioiial. uni- 
lemUnenial coordinate system, (amsider- 
ing the ubstacles that geodesists have had in 
race, this goal was ennsideted by main in lie 
intually impossible. However. Icduiningical 
dudopnients ovei the last genet al inn have 
dunged the skcpiidsm tn a growing ttmli- 
dence that wc ran eventually teat It this goal. 
Many new techniques are now availahle. Two 
nl the developments largely tespnusihk- lot 
ihis new confidence tire Very l.img Baseline 
Inierferomeny (VI.BI) and tlie Navigalinn 
Sadfite Timing and Hanging (ilnhal I’usiiinii- 
»«$ System (GPS). 


Obstacles and 
Inadequacies of Geodesy 


. In °«ler to Fully appreciate the expec ted 
■rapactor VLBI and (Jf»S on geodesy, one 
^*n he at least superfic ially huuiliai- with the 
Phlcms that have Faced geodesists and the 
5 oncomings of the tm-Uinds and itisti u- 
'Koblliat were available In solve them. A 
" on rcvicw is provided for this purpose. 


ht-SafeUilc Geodes y 


*er since the am iem Creeks first Uaik an 
, E “ ln rite size and shape nl the earth, ill- 
upiors have lieen attempting lei cleter- 
<hc earth's dimensions ami the locations 
taiures 011 its surface. During most of this 
ratwr c* P rucuw l w l under the haitdi- 
rauw fi° n " nemc,,t >o the earth’s surface. Be- 
ared measurements of hearing and 
h LjA Ce ^‘riri be made only between points 
wt we re imcrvisihle. direrllv run M fried 


Mm. er f Htlervisible. directly connected 
could be no furthet away Lhan the ho- 
■ o tMeasunt longer distances and dc- 


tttmin* u uiMiinces aim in.— 

'««d rdal . ivc pctsiiions of widely scpti- 
diaif r mS ’ cfla ' ns an <l networks or iiiternic- 
fetn£ nta ’ Cadl 0,,c visiblc f«»ni its 
tinb,i . ^ aci 8 l,b °t s, were established and 
T). together b y meastircments. 
* s iabli«hi r0Cet,Ure * ori * A re Ksonably well for 
land niaw* c ?, ntr °i P oi,lt networks across 
to exiatin ■ ew P°‘ nt8 w ere added and tied 

thepniii^? P° ,nls “ nt *l the network covered 
br inea«..- at ? a ime, est - T he inability to see 
‘f.resulipl ,1 ! an ,be horizon, howev- 

* ,| ri void k" nonun if ar m coverage and net- 
®»ftessihu 1 “, use lar B e bodies of water and 
by linked 3n ° areas 0,11 *d noL be bridged 
t0t uinema| Oril Ij > ! P oints - ^ 0I ' die same reason, 
tied io ec ,u ai ! d . °d networks could not be 
* toiiiinuo,/ • cl * rect oieasureniem to form 


| n r _ y 0 "* network. 


ii«s rcinrin? Qv . crco,1,c rhia obstacle, geode- 
. 'noneu to n din»n ..i„„ 


°n their r Jk,- nia l ,rov ‘dcd some information 
b3ed LJ? P r “‘ l ‘ ons > but >1 lack of dc- 
hotiied ih,. „ ■ 8® °* v “loes or grnviiy severely 
T%e inir,J :CU ^ ac y lbal could be obtained. • 


*™lnihlJ • « 1 *-WUIU UC UUL4IIKU> 

lnr ino rl e u; r ^ ctlon of airborne distance mea- 
’h« range nrL^ 35 a ma j Qr «ep in extending 
i, iclu(Jin 0 - e f| 5U ri,nc,Us -' Most such tle- 
werg dp. ® l l ? se tbal 'arc currently in 
CeoH»‘f; K f 01 ' uavigaiton, not for gc 

a nriH]PiM atopled s y« ems like SUCK 

i 0 UnL ^ N to Pleasure disUmceS frohi 
,‘Jfl 1 networks r 1 ^ 005 . Large trilatera- 

°* “land* ' 


extended into previously unsurveyed areas. 
Like astronomic observations, however, accu- 
tacies were limited by an inability lo fully ac- 
count and correct for all disturbing influ- 
ences. In addition, interstation distances were 
limited hy aircraft altitudes. 

This inability tu bridge oceans with accept- 
ably accurate measurements effectively 
blocked die establishment of global geudctic 
networks. Networks covering contiguous ter- 
rituries were eslahlislicd to accuracies ranging 
from 2 to 111 m, but accuracies of lies across 
oceans were no better than 100 to 200 m. and 
there were very Tew of these. As a result, in- 
dependent, isolated networks and reference 
datums were the norm. Prior to the launch- 
ing of artificial satellites, there were 19 da- 
tums which controlled areas of 200,000 km : 
»n- more, and well over 100 minor or provi- 
sional datums. 


There arc two serious deficiencies in the 
current methods. First, the methods use opti- 
cal telescopes Tor observing stars. ' flic vaga- 
ries of the stars' piti[>cr millions and the ef- 
fects of atmospheric refraction on optical ob- 
servations limit the obtainable accuracies. 
Second, the values arc nut available until well 
after the observing period; we need to deter- 
mine earth rotation and polar motion to ac- 
curacies commensurate with utir point posi- 
tioning procedures, and these values should 
be available during, or immediately following, 
the observing period. 


VLBI and GPS: The New 
Era in Geodesy 


'toiKimir nki 10 in .^‘ recl Connections using ns- 
ni,i ans of uo' ^h 005. Astronomic detenni-. 
^paraipj mim. an ^ longitude at widely 


Satellite Geodesy 


With die launching of artificial satellites in 
1957, geodesy entered a new era. Satellites 
provided both a need for improved geudesy 
and the means for satisfying the need. Accu- 
rate orbit predictions required more accurate 
geodetic coordinates of tracking stations in a 
common reference system and a more accu- 
rate description or the earth's gravity field. 
Llpgraded position coordinates were also 
needed for evaluation and calibration of sat- 
ellite Hacking instruments [Nalioml Amwmh- 
Im iiml Spate Aiiminislrdlinn. 1977]. 

There billowed a period of intense activity 
10 pinnuilc and exploit the new space tech- 
nology, and geodesy played the roles of built 
recipient and contributor. The possibilities 
lor imcrctiiilincnlal observations provided hy 
satellites were so numerous and plumbing 
that tracking and obseiviug systems nl almost 
evety conceivalilc type ptuliferatcil. 

Opiiul systems ubseived diicctious; radar 
and laser syslems measiiic-d taiigc-s; Duppler 
systems nic-asiiied range rales. In addition to 
die variety of ohsciviiig leihniques, the pro- 
cedures for obtaining gent let it iiilnriuaiiini 
varied. A purely geometric analysis i mild he 
tarried out hy simultaneous observations 
fniiii two 01 inure stations, yielding the posi- 
tions of the observing stations relative lu each 
other. A more comprehensive analysis roold 
be pei-lnrnK-d by determining tire satellite's 
mbit, so that iufoi nuilioii on the Kuril's grav- 
itational held and geocentric station positions 
could tie ohiaiiied as well. 

The profusion ol satellites and satellite 
I racking systems, many of which were de- 
signed for qiecilic purposes only iiitlircU ly 
related to geodetic needs, generated enor- 
mous amounts of data which enabled geodc- 


Each of the advances in geodetic technolo- 
gy has contributed greatly to the progress of 
geodesy in sumc specific area. With the |xissi- 
ble exception in gravintcLric gemlesy, howev- 
er. no single advance lias bail an impact greuL 
cnuugli to he considered revolutionary. Be- 
cause of limiinikms of mobility, accuracy, 
speed, cost, reliability, or availability, no new 
system lias completely replaced conventional, 
competing methods. For example, ill spite ol 
certain siqicriur pec Torn tan re chunitlc-iisiits 
of Doppler and inertial surveying systems, a 
larger proportion of new, Imri/omal gem let it 
control puims is still being eslahlislicd hy ter- 
restrial direction and distance measurement 
methods. This is true in part because most 
geodetic surveyors already own theodolites 
and geudimeters and are reluctant to change, 
but this is not the main reason. 

Revolutionary changes from csiahlidu-tl. 
proven iiiciliotls 10 radically new methods 
only come uIkjiil when the new method is so 
overwhelmingly superior ill enough aspens 
as to reiidct the old methods obsolete ami 
iiiicuiuoiiiii by inmparisnii. None nl die sal- 
clliic-agc leiliiinlugies has readied that stage 
tints Tar, hut we ate 011 the llm-sliold of just 
such a revolution with two new tei linulngies: 
VI.BI ami ('■I'-S. Someol the impiovi-iireiils 
uvci uirrem geodetic tediniqires in lie gained 
hy lire advent id the VI.IM/C.l'S * ■itnl)iii.iiH»ii 
are the fnllnwiug items. 

• Reduced need fur lulmr 

• Improved accessibility to useis 

• Nigliei bciiclii/ccsl ratio 

• A 11 mu lined data flow 

• Out i nrei er-levd ncciiracv 

• Temporal 1 es. iliiiiou aderpiale lot all tts- 


• Quick, ecoiHiHUcal establish 11 tent nf sia- 
tiuns al even remote locations 


VLBI 


VLBI employs niultiple radio astronomy 
antennas to simultaneously observe signals 
from cxlragaluciic radio sources such as qua- 


sists to lake giant steiw toward their goal of . , . . - . 

truly global geodesy. The accuracy of connec- sars. Tlie Utoc-tagged signah rcc-cived at each 
tions between the major datums improved antenna are cross-rorrelaicd 10 t «crnunc 


steadily rrcmi the 100 m 200 m oT die pre-sat- 
ellite era to the 2 to 10 m of today. A global 
genid covering the previously unsurveyed 
oceans and remote unttincilial areas was 
quickly established and has undergone con- 
tinuing refinement since. Tlie can It's shape 
and dimensions and the relationship between 
mass-centered stud best-filling ellipsoid coor- 
dinate systems have become known to an ac- 
curacy of almost 1 m. 


Current Technologies 

Geciilisists today use three types of survey- 
ing techniques Tor geodetic control-network 
poim positioning. , 


rest rial surveying using line-of-sigbt direction 
and distance measurements; the second is in- 


i.„„ - , 9 . lieltet* than 0.5 to 1 .0 in at best, will be tletcr- 

ertial surveying; and the third is Dopp jn cac ii component. The 

dike surveying [Ona-b H -l . JOT „ te oT the earth (UTI-UTC) will be 

Traditional surveying, with iheodo! es a d , Q . t s A|ld lllc 


— . . ... _ |in n . uenarated by as much as n few thousand 

ods produce relative kilomerert will be obtained to 1 to 5 cm. 


accuracy, economy, and efficiency 
ods produce relative positioning a 
one part in 10* of interstation distances oyer 

distances ntngihg up to 20 to Mkta which ts 
generally adequate for local needs. M is well 
known, however, traditional methods arc la- 
bor buensive and slow, and unfttvorableerror 


common signal arrival limes, which together 
with the speed of light and known directions 
of the sources can be used to determine the 
components q{ vectors connecting the observ- 
ing stations. If three widely separated anten- 
nas simultaneously observe a sufficient num- 
ber of sources, ihen the orientation of lire 
enrlh with respect to the essentially inertial 
coordinate system of radio sources can be de- 
termined for each observational epoch. Re- 
pealed determinations at regular, freauent 
intervals provide a precise record of the dy- 
namic behavior of the earth as a whole, tu 
well as changes in the relative positions of the 
antennas on the earth's surface. 

The accuracies which pm be achieved by 
VLBI are unprecedented. Polar mullnn, 
which optical methods could determine to no 


WhaL is perhaps most amazing is that, these, 
accuracies will be achieved during observing 


periods of less than 1 day. 

Observations am be made day or night hi. 


most weather conditions, thereby assuring a 


propagation seriously dcgmdei «««“ ' , , h probab iliiy oT successful, simultaneous 

over longer distances. Its most screws IIMW .8 V . — r _L„ -.11 ,^,-iM.inil.iir stations. 
Lion is the requirement for station 


over longer distances. Us KmUons from all participating stations. 

inieryisiDii TCjdu , iav6 a i rea dy been roinplctcd . 


tty 


•riutl. faster within 2 weeks after the observing period, 
UIUC" taste MIW ,« 1 that dlls mne can be rc- 


inertial surveying taalwto art . jw ,ci rjj 1 J ^ Reeled ilibt tills ».»- -- - - 

<•» ^ i». d»d 10 I wcoL or ^'.l.cn pr««lur« 


& r,S,=r«Snrf 
tervtsiblc. Accuracy is ml he 20 M0 cm . ^ po^hiial or VLBI ) 

range ovcrdiii^ncta of '5 U ?. ,0 , P u ulk Mt and eiithusiasm tlinnighout the worm, tit 

verse consideration is die relatively large bulk W 6r)dng Group of tltejnicrni, 

and cost of the equipment 1 | (h . ; 'Honal Astronomical Union (1AU) and iftc ln- 

Doppler surveying techniques. uwng^J Q | emaliona | Union of Geodesy and Geophysics 

TRANSIT havigduon sptelhtes. P r ^ uce f. 's IjUGG) organized project MERIT (^foipioi 1 
io 50 cm accuracies over distances of 5 w an( j intcixompare the 1 edit 

1 Q00 1 km The equipment is relailrely j»*n- ■ . ■ jr* • obser vaLicin arttl analysis) to_ test tlie 

£ apdrational feasibility JfVLBl; 

vevirift stalioris nqed nOLbe intet^S^IM^ Sd other ntwlerh dbservabonn! techniques,.. 

I' ^.t.Aj.LV.WrVine.OenOds av- .,an . •,i~hl r^Minaian wn cnnduct- 


nbs me, 



Fig. I. Kt'.CC test short huseliue diagram. 


ATHfV 



--ij) M 0(01 


Fig. 2. FGC!(‘> test iKtsdine diiignnu. 


munLli Ghaudleriaii componeiii of polar mo- 
tion, from Sepic miser 19B3 lit rough (h loiter 
198-1. 

In the United Stales, the National Gt'otlcth. 
Survey (NGS) is engaged in prnjet I POLARIS 
(I'uliir-Motion Analysis hy Radio 1 ulerli-ro- 
iiicirir Survvyiiig), a project set up to equip 
and opentie litre*- lixt-d radio observ.ilin ies 
dedicated lo geodetic appliiations. Hie hist 
begat i operating in Texas in Sepemlier I9NU 
attf! the set oud in Massachusetts in June 
1981. TIk-sl- two liiive peiluriued om- siiniil- 
taiictms 2‘1-limir observing session per week 
lor almost 2 yeais. A third, in l-lmida, will 
Iregiu operating ill Scpiciuliur 19K3. 


UPS 


GPS is under ik-vctofii im-iii by tlie U.S. |)e- 
p.in iin-m nl Defense as it woilcUvide. all- 
weather navigation and timing system. Vv'lu-ti 
lully deployed. (iPS will allow snilahlv 
equipped itsvis io ik-lerniiiie ins(,iiii,iiieuuslv 
(m nearly so) their p>isiiimi .uni velmity. l-ut- 
i her mine, useis willi speiiallv eqtnp|ied te- 
c eivers ami Itmgui obseiviug periods will lx- 
able in rieii-iinim.- .iliM>liue | Hiint povilioiis 
and relative posit ions with gie.iiei .uc ui .ks. 
at lower covl. and in less lime tli.in am utbet 
■net Imrl available. 

Wlieu the UPS system i> fulls Minligilieri ill 
1989. ibcic will lie al least 18 satellites. :t in 
each of 6 evenly spaced orbital piunt-s. J lie 
satellites will be niuiniaiiied in near-circular. 
55° uiiliiialtnii oi bits of L'li.'iiiO kui i a< lit tl2- 
limir periods). This cunliguraiioii is designed 
so dial usually four to seven satellites will Di- 
visible from any ]»int on the earth at all 
times. Orbit geometry will be mojiiti.irrd and 
maintained hy the Control Segment ol ihe 
GPS program through high -pi ciision track- 
ing and orbit rider ruination and orbit-keep- 
ing activities. Definitive ej diet nerit lev along 
with iiltrnprccisioii timing will be frequently 
inserted into the CD’S satellites for subsequent 
and con tin units transmission to tlie user com- 


munity. 

To date, seven satellites have been 
launched and five arc still in operation. A 
minimum or five useful satellites will 1« main- 
tained until the full constellation is deployed. 
These live are configured hi that three in 
five are in view, in selected locations, a few 
hours each day — a configuration considered 
adequate lor purposes of development and 
system testing. 

Jusl as with the TRANSIT satellite Doppler 
positioning system, GPS satellites will permit 
either absolute point positioning of ground 
stations relative to the known .satellite posi- 
tions, or relative positioning nT two nr more 
ground stations which observe common said- 
files simultaneously. Because of a number of 
improvements, however, GPS will produce 
position accuracies as much ns an order of 
magnitude better than is possible with the 
TRANSIT satellites. GPS satellites are in 
higher, more stable orb its ami Lau be tracked 
more accurately lhan TRANSIT satellites. 

GPS also uses higher frequency signals and 
murh' marc accurate clocks. And the ltt-sait-1- 
lite array will permit uninterrupted ukserving 
of satellites for as Icing as necessary. 


Article (coal. <jh p. 57 0 i 


auaea auvniiui 8 c . hove been uinricr rcimiru- .. , . 

tervtsiblc. Accuracy u in I he 20 I MO cm . h ^ of VLBI inter- 

Miim, nvrr distances of 5 U> J 00 km- An ad^ ^ and l e, llhus iiism throughout die World. In 



^ e ‘° unkq Ql 

U| ^ntb°^,^ er ® Conned to connect ''chains 
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Accurate paint positioning will require hav- 
ing access to the special signal modulation 
ami the precise satellite eplremerides, infor- 
mation which might be available only to au- 
thorized users. Relative posit inning, using ra- 
dio interferometric methods similar to those 
used in VLUI, however, is independent or 
the S|iecial code. The ended signals arc treat- 
ed its random noise, much like the signals 
from quasars, lo obtain iniersiaiinii vectors. 

Several types of geodetic C.PS receivers are 
in various stages of man it fact tiring and test- 
ing. The first receiver to become commercial- 
ly available is tlic MACROMETER Model V- 
1000 Interferometric Satellite Surveyor, man- 
ufactured by Maciomelrics, Inc., of Woburn, 
Mass. The receiver tracks only one of the two 
transmit led frequencies and is thus limited 
over longer baselines due to ionospheric ef- 
fects. The company plans to produce a Livo- 
frequcucy receiver in the future. 

An independent lest of the MACRO- 
METER V-1O0O was conducted over :iu 8-day 
period in January 1983 by the Instrument 
SulHommitLec cal' the U.S. Federal Geodetic 
Coni ml Cnnimitlcc (FGCC). The tests were 
conducted on the FGCC test network in the 
vicinity of Washington, D. C., between sta- 
tions positioned hy first-order terrestrial 
met hods \Hoihem and Fraucztk, 1983]. Three 
receivers were used u> measure two sets or 
baselines. 'The first set, shown in Figure I. 
consisted of two triangles with sides varying 
in length from 0.18 to 1 .32 km. The second, 
shown in Figure 2, Imd side lengths varying 
from 8.7 lo 42. 1 km. Results of baseline com- 
parisons arc shown in Tables 1 and 2, rcs|xx> 
(ivcly. In Table 2, all MACKOMKTKR-deter- 
mined baselines were lengthened by 
1 1492,000 to compensate for an apparent sys- 
tematic scale difference between tci rest-rial 
and GPS results. Observations cm the short- 
line network were obtained dining 2- hour 
observing periods. The longer-line observa- 
tions were over 3- hour periods. 

The results of this test demonstrate the 
revolutionary capability of the GPS system. 

As shown in the tables, all of the shorter 
baselines agreed with the lerrcstiiiil values to 
heller lliun one part per 50,000. The longer 
baselines agreed, after scaling, to better than 
one pan per million (ppm). Prior to scaling, 
the baseline differences ranged from +1.8 to 
+ 1 1.3 cm, and the prujioi liounl differences 
ranged from 1:307,00(1 to 1:677.000. Until 
the shorter and lunger line results compare 
favorably with the manufacturer's estimates 
of ± (5 nun + 5 ppm). 


TABLE 1. FGCC Test Short Baseline 
Comparisons 

Length 
Differences. 
(Terrestrial 
Minus GPS) 


Observ- Stations 

ing 

Dates Front To 

1/14/83 1 2 

1/17/83 4 1 

1/17/83 1 5 

1/17/83 5 4 

1/18/83 1 2 

1/18/83 2 3 

1/18/83 3 I 


Lengths, 

km 


Propor- 
ctn tiunal 

0.0 

-0.4 1: 51.000 
I.l 1:125,000 
1.7 I: 75.000 
0.4 1:195,000 
0.6 I: 62,000 
0.0 


TABLE 2. FGCC Test Baseline 
Comparisons 


Stations 


Length 
Differences.* 
Terrestrial 
Minus GPS 


Observing 



Leu gills. 



Dates 

From To 

km 

cm 

ppm 

1/19/83 

7 

6 

12.8 

-0.8 

-0.6 

1/19/83 

7 

5 

18.5 

-0.1 

-0.1 

1/19/83 

5 

6 

8.7 

0.(3 

0.7 

1/20/83 

7 

8 

42.1 

2.1 

0.5 

1/20/83 

7 

5 

18.5 

0.0 


1/20/83 

5 

8 

34.6 

-1.7 

-0.5 

1/21/83 

7 

8 

42.1 

2.7 

0.6 

1/2 1/83 

7 

5 

18.5 

-0.4 

-0.2 

1/21/83 

5 

8 

34.6 

1.0 

0.3 


+MACROMETER baselines scaled bv 
+ 1 :492,000. 


Future Impact of VLB I and GPS 

After slightly more than 14 years of devel- 
opment and refinement, geodetic VLB I has 
readied a point where there is now gene ml 
consensus that VLB1 will prove to he a very 
powerful and cost-effective method of obtain- 
ing measurements which are vital to several 
aspects of geodesy and geophysics. There are 
a number uf technical problems remaining 
which have not been completely resolved, and 
improvements will be made in operating and 
data reduction procedures to shorten the 
time between observations and dissemination 
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of results, but these are little nune limn mi- 
nor annoyances which are uniimon during 
the shakedown period uf any new lethuuhigs. 
The major problems have been solved, tests 
have proven die methotls, and observatories 
are routinely producing results. 

When fully opcrdtioiul. a network i*i as 
few as 3 VLB! observatories will replace I lu- 
50 optical observatories which now nmnitur 
the earth's rotation. Tlie luiernaiioiial Lati- 
tude Service, which munitnied polar motion 
from five optical observaloi ies lias ceased op- 
erations and is in tlic process of being sup- 
planted by VLBI. For the first lime, a single 
system, capable of all-weather operations, will 
munltor both polar nintion and rotation tate. 
Results will be an order of magnitude heller 
than at present and will he available in a week 
or less instead of ti mouths. '[ lie positional 
stability of extragalaciie radio sourecs and the 
extremely high precision id iiitcrfcnnnclrh. 
measuring techniques are combined in VLBI 
to provide an inertial reference system whit It 
will meeL the most stringent at curacy require- 
ments of today and for the foreseeable fu- 
ture. 

In addition to providing an absolute exter- 
nal reference framework, VLBI will also pro- 
vide the ability to monitor continental ami 
worldwide network dclurinaLiotis caused hy 
crustal motions. Portable VLBI antennas in 
conjunction with fixed base antennas can pe- 
riodically redetermine the relative positions 
of widely separated network control points to 
subdecinicter accuracies. The NGS. in coop- 
eration with other U.S. agencies, is establish- 
ing a 50-station National Crustal Motion Net- 
work for this purpose. This network will he a 
level higher than the primary, or first-order, 
networks of today because of its superior ac- 
curacy and die addition of a fourth dimen- 
sion — time. 

Looking beyond die MERIT campaign, the 
NGS and a consortium of geodetic agencies 
in the Federal Republic of Germany plan in 
continue to work together closely. In 1983 
the organizations signed a cooperative agree- 
ment which will remain in effect as lung as il 
is deemed beneficial to the participants. This 
agreement established project IRIS (Interna- 
tional Radio Interferometric Surveying) 
which is intended to serve as a foundation for 
multinational geudciic VLBI programs. Ap- 
plication has been made to the 1UGG and die 
Committee on Space Research tu establish 
IRIS as a subcoin mission of the liueniaiional 
Association of Geodesy's Cum mission VIII. 
There is a growing awareness of the power of 
VLBI. and the geudciic coinniiuiiiy is moving 
quickly m apply that power to the solution of 
problems posed by the modem earth -sci- 
ences. Several nations have .ilrcatly begun m 
develop programs and facilities ihal should 
lead to a global network of geudciic VLBI 
observations by the dose of this decade. 

Simulations and operational tests have pro- 
vided evidence in support uf predictions of 
the accuracy and efficiency of GPS. As with 
VLBI, problems remain, but they do not ap- 
pear to be insurmountable. By the time die 
full 18-satellite configuration is deployed in 
the late IQHO's, geudciic rccciveis and operat- 
ing procedures will have been further re- 
fined. Relative accmacic.s of a few centimeters 
over baselines up to 100 kin, in about mi 
hour of ubserva tin ns, will lie routine. The 
cost of ctiiiipmciii. which is i u trendy in the 
neighborhood of 3250.000 fin a pair of om- 
frequcncy iiuerfet nine) lie receivers mid sup- 
porting hardware, should be rcmsideruhly 
lower. Equipment will lie automatic, opera- 
tors will need minimal training, field crews 
will consist of hardly more than one person 
per receiver, and the production or network 
control point positions will he increased as 
much as twenty times per person compared 
to terrestrial surveying mctliuds. 

There is liule doubt that GPS will replace 
terrestrial methods for most main-scheme 
horizontal control network surveying, bill the 
ability to span distances of 1 00 km or more 
on each line will probably mean that new net- 
works in previously unsurveyed areas will ini- 
tially have far fewer stations, and these will 
be at points more easily accessible than the 
hilltops so common in terrestrially established 
networks. 

Network densificaikm will also be accom- 
plished by GPS, but it may be done only as 
the need arises for specific purposes, rather 
nian as blanket coverage for all rtiLure needs, 
rhe speed and economy of GPS geodetic po- 
sitioning. and the cost and susceptibility to 
disturbance of permanent geodetic markers, 
may result in the use of temporary markers 
which can be removed and reused after they 
have served their purpose. 

With a little imagination, many more appli- 
cations could be listed for a tool as powerful 
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:is GPS. And if the prices of the equipment 
drop drastically, as expected, this will bean 
incentive for even more applications. 

The combination ol VLBI and GPS gives 
us die ability, il we so desire, to finally unify 
(lie i out ml poini networks of the world mini 
homogeneous world system. Further, it bib 
longer net essary to treat die networks us 
static svsicni for lack ol the ability to dam 
ami keep track of crustal movements. The 
speed, act utacy. and economy of these tetb- 
nolugies, and their ability to span long dis- 
tances without let oi 1 1 sc to intermediate 
points, will enable us to resurvey world wdr 
iiri works of moniitii iug points at short intet- 
vnls of time. 

'I lie i lunges in he wrought by the VLBI-' 
GPS system are far more than just replacing 
one it't'lnitdngy with a newer one to perform 
the saute him lions. Reaping die full bnteliu 
from these poweiful new trails will requite 
that we reevaluate and pel haps redefine 4? 
film lion themselves. In the future, the l«a 
first-, sen im I -. and lliiid-utdei geodetic «<■ 
works will no longer apply in the saint srnte- 
I'hey aie a relict lion ol lire abilities and 

(minus id i lassiial geodetic surveying ikmu- 

ogy. The new t eih oologies ex lend our non- 

/ons ami give new meanings to such™**? 
as National, regional, and lue.il cotiirra.TJW 
3 illiiM rates how diese lenns cuuM be rede- 
lincd within die United Suites by theuuF” 

menial if the POLARIS and Nauwj® 

Crustal Million Network projects. Similar^ 
definitions will apply lo cniiiiuenuu and 
ill ih'Iwoi ks as well. (j- 

No one ran today foresee all ol T _ 

whit It these new lechunlogics will ,w ' f f f 
odesy, Inn we t an lie reasonably sure o 
end things. Wheilier we are ready wriJT 
or not, changes will occur lu ra, [ ,cl 
tession over the next decade, riiey * 
widespread and irreversible. They 
not only how we position control P 01 ■ 
also our organizational structures an ' . ■„ 
education, trainitig, and roles of p- 
the future. The new capabilities will 
new diems and spawn requirenwm 
ices which wc cannot envision today. 
or our nut n ml tendencies to resist 
changes will occur. 'Hie geodetic r 
has started. 
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TABLE 3. Redefinition of Gcodedc Functions in 


Function 

Fundamental reference sys- 
tem , • ■ 1 

Unified national geodetic 
control 

,.,!<■ v 

..Regional geodetic and ■ local" 
, control ■•••;_ ^ . 

;■ Local geodetic control •' 


Current Teclmiques 

r— ; r— — — — 

50 polar motion observatories 
scattered worldwide . 

•: First-order geodetic network 
. (about 40,000 stations) ; 

, 5.000 astrononiic stations : 

' / Second-order geodetic net- . 

, : wprk (about 80,000 sW*- ' 

. Tjiird.ordcr geodetic.neiwprk 

./ !:•, (about 100,000 sfatiopa); 


■ he Uni ted State* • -1 '^ r ■ 

»jow^ : *sSS£>, 

Crustal mouon 
' . (about 50 
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Mantle Viscosity 

A central factor in models or the earth's in- 
,^rior is the viscosity of the mantle. If legKins 
Jthe mantle are highly viscous, then solid 
Lection cells may not exist, inversely. 
,n«rand lower mantle viscosity within cci- 
uin limit* could support convection cells 
ranging from manilc-wule to layered tltmeu- 

Tmay not, of course, lie possible yet in oh- 
uin unique viscosity models for all parts »l 
[he mantle because critical boundary values 
remain undefined or arc too imrenain. 
Nonetheless, die viscosity of the mantle is a 
lane starting point for many global geophysi- 
cal models. and the mmc that can he known 
about its distribution llie more valid the mod- 
els. ... . 

New analyses of LAGEOS (Laser Gently- 
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^ 3ver ' Tltcsc two images show tile nie- 
««ra]e sea surface elevntinu in the South 
near Fiji (5°S to 45°S tutd l .WE to 
f* 3 E). These elevations are residuals 
rnm about 100 pusses of Seastu altimeter 
?*‘ a fill «l to the NASA Goddard GEM- 
B _gcoiil model. The elevations in the 
image have been artificially illumiiiai- 
h y a computer simulated suit in the 
utliwest, while those of the bottom im- 
fpare illuminated from the northwest. 

features shown range in elevation 
, ° m .. m in the nonlieast-souihwesL 

r u niJin g Tot iga-Ke rni ailec trench, to a 
.. ffnttnieters For the broad features like 
ihree-Kitigs rise (A). This display 
C n,c l Ue bfings out subtle, sea-surface 
tires which cannot be seen in contour 
P* of these data. In particular note the 
tnrl!!^ , expression of such bottom Fea- 
u ” “ ”‘ e Louisville ridge (B), ihe South 
tmn,K S ridc8 l,ench (C), and the Vityaz 
naiiA ■ ' *’ Varying the azimuth of illiuni- 
n '* useful for emphasizing certain 
For example, note, the change in 
bctw^ anC L e of tlie Matlihiki plateau (E, F) 
Uncnr^li thc lwo iir| ages. Several features 
ten..: p 6(1 known bottom features 

fran r ° further study, particularly the 

ozo,le (?) at (B). Parallel linear ■ 
JK? lending NE-SW and NW-SE are 
irremii* r egridcling process and . the 
of ihn D P * in ® between parallel passes 
smunik- ' e Pj dcl ing results in considerable 
and ib !r® tlle re Btuns beLweeri (Kisses 
in “ J 1 ® Rations ^rc due to di(Terenc$s 
te rs kl, Ur ' a ^ e elevation of a few ceiiLime- 
les, , Pk Ween P a »es separated by 10 km pr 
Phoi£ 0 i° ““' tfisy OF Richard D. Browni 
McS ,7 °0 Old Meadow Rd:. : 

,CL ean,VA 22102 .) ■ v 


iiainics Satellite) data have provided a means fat 
“f iiulirea observation of the earth's equipo- im 
lemial silt face. W. R. Peltier recendy report- of 
rd analysis uf one uf the zona] harmonic act 

components, j 3 , of die earth's gravitational po 
potential held dial was measured over a 5.5- he 
year period by LAGEOS. His conclusion was an 
that the viscosity of the lower mantle is prob- lie 
ably quite close to that of the upper mantle, of 
within a fucinr of 3 or 4. Among the major tic 
implications of this conclusion is that mantle- 
wide convection processes arc feasible (A'o- ar 
lure, 30-t, -134-436, 1983). s ti 

The basic observation was a residual accel- m 
coition in the nude or the LAGEOS orbit. ca 
flic interpretation is that this acceleration is, te 
for the most part, due to a secular decrease pi 
in ji. lints j 2 is implied to be -3.5 ± 0.3 x 
10~" yr _l , evidently due to viscous flow in Pi 
the mantle in response to deglaciation. The it 
relationship between the observation and die ti 
implied viscusiLy of the deep mantle is ap- (), 
prtiximaieiy as follows. d 

If thc earth were an idealized ellipsoid of ti 
revolution and thus ir the earth's mantle had ti 
no finite strength (time-dependent or other- o 
wise), the satellite would travel along an equi- C 
potential surface, die gcoid. Thc satellite a 

travel in lime would map out a repre- 
sentative, idealized figure of the earth. Devi- c 
aliens from an idealized figure are assumed f 
to be supported by finite strength anti rigidi- f 
ty of the mantle. a 

Two important variables, among others. t 

that afreet the results are the variation of t 

strength with depth and widt time. It is possi- I 
file to calculate a strength-depth profile and it ' 
is also possible, after sufficient revolutions as 
in the case uf the current LAGEOS data, to j 
recalculate the profile with time. The time i 
piuhlc is sensitive to die accuracy of satellite 
i r.u king measurements as well as to changes 
in the cat ill’s rate ol rotation caused by tidal 
dissipation in the oceans. Peltier used the 
most accurate tracking data and the time 
measurements fur UTI (Universal I line) ob- 
tained I null the Lunar Laser Ranging ohser- 
vuihuis. The iiuiuidnl lompcuieiii residual is 
presiiinahlv due tu Pleistocene ileglaciatiiui 
e liens. 

There ate mam possible mutes Im these 
luleuiulioiis involving models ami assump- 
tions about the sttrlacc disirihiuimis <■! mass. 

[ it the instance of glacial ice taps, the models 
involve factors ol isusialic adjiisimeui and re- 
lated contributions to the earth's axial mo- 
ments of inertia. Peltier invoked vat ions geo- 
physical nliwrvniinin m tlie ralmht'f! 

satellite data. I he result is a ciisnaiiil on die 
lower inaiule visoisitv - lS billows: 

2.7 ' U) 22 P « ifiji (LAGEOS) 

■s 4.4 1U“ P 

This value is close to that uf the upper man- 
ile. — I’MH 

Southern Ocean 
Bathymetry 

The southern nccntis of the world have nut 
been well surveyed generally, in coturasl with 
oceans ol die not them hemisphere. Data 
from die relatively new Scasat. which is u ra- 
dar altimeter llowit on □ satellite platform, 
has recently provided bathynwinc csuniates 
for the southern oceans (Nature, 304. 407, 
1983). The Scasat data provides a planning 
data base far future ship surveys to obtain 
precisely and accurately charted sea-floor to- 

^Thlfanalysis of a 70-day data set originally 
collected over the 100-day period from July a 
lo October 10, 1978. has revealed a number 
of distinct bathymetric features that had no 
been observed liefore. For examj> ™ 
data showed a major rise, or geotd high, ua 
exists east or tlie Louisville R'dge heween lal- 
itudes 38° and 4i 0 S, and longitudes lbO and 
150°W The Louisville Ridge itself was found 

to be a nearly 

of short ridge segments. A volcanic rathe 
than a fracture zone origin is suggested . 

,h ijssafth. a w '“ tr*. 

fined “hook" along the southeast parts of the 
Eltanin and Udintsev fracture zone sj^ems, a 
larger and different shape of the Conrad R. e 
n The soutlt Indian Ocean, and several. small-. 

er SSli and ; WER 
rated north nordiwest of the Maiion D - 
in .hr soulh Indian 

alUinaw 

The radar pulses sample a finite region xt 

A 1 ns The footprint thus defined has a 
tli between 2 and 12 km, depending tm 


face, as the pulse is reflected, requires model- 
ing to ublain the travel time tu <i high degree 
of accuracy. Among thc factors affecting die 
actual travel times of the pulses arc .satellite 

E osilion, atmospheric time delay, geuid 
eight, tides and currents, and variations in 
atmospheric pressure. Thc mean surface 
height of reference is by definition die sum 
of all uncorrcctcd. lii tic-invariant contribu- 
tions in thc measurement. 

The relationship between the ocean surface 
and the bottum topography is mostly under- 
stood. The greatest effect on thc shape nr the 
marine geoid is the bottom topography be- 
cause of the density contrast between sea wa- 
ter and bottom rock and sediment at dose 
proximity. 

As described by T. H. Dixon and M. E. 

Parke of the Jet Propulsion Laboratory, "The 
major influence un the mean surface eleva- 
tion is the marine gcoid. On basin scales 
(greater than 5000 km) tlie earth’s reference 
ellipsoid can be as much as 200 ill." Varia- 
tions in ocean current topography are rela- 
tively negligible, except Tor warm-core and 
cold-corc rings such as those dim spin off the 
Gttir Stream and other major western buiitiil- 
ary currents. 

Dixon and Parke note dial tlic strongest 
correlation bet ween the gcoid and the mean 
floor result from features having wavelengths 
from 30 tu SOU km. As they slated, “Where 
age consu aims fur topographic Features and 
underlying crust are available, high-quality al- 
timeter data can lie used tu predict sca-flimr 
topography to better than 500 in along indi- 
vidual altimeter ground tracks." 

The Scasat observations were limited ill the 
period of observations and were high- pass fil- 
tered to remove long wavelength trends in 
the altimeter data, due in pat l to errors in 
tracking the satellite's position. The geoid 
anomaly map which resulted from die analy- 
sis carries die assumption that mi density 
anomalies lacking topographic expression ex- 
ist. Furthei, spatially variable compensation 
mechanisms could be operative in miice.tl ex- 
isting badiymcnii anomalies. Tims the great- 
est value III the studs was to piiipnni areas 
fm select ion ill future ship surveys.— MIR 

Landsat D' Primed 


Problems willi Landsat 4. the United Stales' 
current operational land remoic-sensiiig sai- 
elliie, have prompted tlic National Oceanic 
j, v l Amv i*ph» , rk Sdininistralion (NO.AA) in 
move up the Uuu.h .late id die seLcmd space- 
cnifl ii, flu advanced land reniolc-seiising 
satellite series, Landsat D'. m early 1984. in- 
stead of July 1985 as miginally scheduled. 
Four land reiiioie-seiising satellites were pro- 
posed for tlie original series: Land sal D 
(knnwu as Landsat 4 now that it is in orbit) is 
die first, Landsat D' is the second; tmn more 
were to follow. However, with die Reagan 
Administration's eye oil commercializing die 
land mid weather remote sensing satellites 
(Eos. May 17. 1983. p. 377. and March 22, 
1983, p- 1 13). the budgets for die lasL two 
Landsat satellites were never approved- 

Tlie earlier launch of Landsai D w ill help 
assess the vilal spring crop; this in form at ion 
is necessary m establish U.S. farm production 
policy for 1984 and to assess the economic 
impact of die potential crop yield. 

Landsat 4. launched July 16. 1982. has suf- 
fered serious system failures, including the 
ability to receive data directly from lire the- 
matic mapper instrument. The system is now- 
operating at approximately one-half power 
and further deterioration in power output is 
expected. NO A A says complete failure is pos- 
sible at any lime. 


Information gleaned from Landsat aids in 
assessing crop yields, monitoring population 
growth, appraising pollution, monitoring 
land use, mid performing geological analyses 
related to pctmleuin and mineral cxtrairinii. 

Nine oilier nations purr I rase Landsat data. — 

BTR 

Precollege Science 
Plan Offered 

The foderal govern men i should help create 
a system of 2,009 “exemplary" precollege 
public stliuols that would lead lire country in 
initiating sweeping changes in science and 
math education. This is among die recoin - 
niciulmium in a recoin National Science 
Board (NSB) uqmri on prccnlk-gc education 
that urged increased exposure of students to 
science and improved ttMchcr iiualiiv. The re- 
port is unique among recent education re- 
ports in that it oilers an itemized price lag 
for its recommendations. Thc buUiim line: a 
first- year federal govern mem outlay ol $956 
million. 

“The nation that dramatically and Ixiklly 
led die world into tlic age ut technology is 
Failing to provide its own children with lire 
Intel loti mil u mis needed lor the 2 1st icntu- 
ry," suites F.dueathig Americans fm the 2 1st On- 
fury. The n-poii is subtitled, "A plan of av- 
ium for iinpuiving matliL-maiiix. sciciue, and 
technology c-ducaium for all Anieiiiaii ele- 
mental)- and secondary students so that their 
achieve mem is die best in the world hy 
1995.” A child now ei tic ring In si grade and 
following a mini ml piogic-ssum will graduate 
high school in 1995. 

Earlier Lliis year die National Com mission 
on Excellence in Education also denounced 
the quality uf education in L r .S. schools. In 
reaction to dial repoii, which was issued this 
past spring, the- Reagan Ariiniimiraiion lent a 
sympathetic car «■ die perils of a weak educa- 
tion hut maintained that the lcdei.il govern- 
ment should limit its support to education. It 
is unclear w-hc-lhei die administration will 
erho those sentiments in response- to die Na- 
tional Science Board’s report. 

The NSB report comes hum lire 2u-iiiem- 
ber GoinniissLoii on Free die gc- Fdiic.ilimi lit 
Mai hematics, Science, and I c-cliiu-logv. «!»-_ 

>' pointed 17 inmilhs ago hv the NSB. which is 
the pulicyniakiiig arm ol die N'jtional Science 
Founduimn. The commission recommends 
increasing the am mini nf tinve students spend 
’- smdving iii.iilicm»nics and science, for exam- 
ple. the group recommend* a dailv minimum 
nf .in hour fin- math and half an hour fur sci- 
ence foi students in kindergaiivn through 
grade 6. For grades 7 and 8. lire commission 
recommends a full year of math, science, and 
is technology Tor each. 

Minimum requirements lor high school 
graduation should be 3 years of high school 
mathematics (including 1 rear of algebra) and 
at least 3 years of science and technology (in- 
cluding 1 semester of computer science), in 
the commission's view. Admission m college 
should require 4 years uf high school science 

i (including chemistry, physics, and one semes- 
ter or computer science) and 4 years of niaili- 

ii emalics (including a second year of algebra 
and course work covering probability and sta- 
tistics). To achieve these extended require- 

r- merits, the commission recommends that the 
school day or schoul year be extended. 

U.S. schools have a shorter instructional 
v year (180 days) than those of oilier developed 
countries such as the United Kingdom (200 
t days), the Soviet Union (204 days). West Ger- 


News (root, on p- 572 ) 
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News (coni, f rata p. 57/ J 

many (Sib days), and Japan (220 days). 
Moreover, ilie average length nf ihe sclmol 
day in tlic United Slates is 5.5 limit's; the oili- 
er count ries have sclmol days averaging be- 
tween fi and 8 hours. U.S, high school sin- 
clcnis also lake fewer years of mathcmaiics 
and sdcnce courses than high school students 
in other countries. 

High on the NS It commission's list of rec- 
ommendations is to improve the quality of 
teaching by retaining and retraining excellent 
teachers and by attracting new teachers nf the 
higlicst quality and the strangest commit- 
ment. 41 A substantial mini tier or our nation's 
1.17 million elementary scliou] faculty mem- 
bers lark sufficient knowledge, training, and. 
in many cases, interest tn leach mathcmaiics 
and science effectively," the report slates. 

Ad vances in mathematics and science also 
necessitate additional training for mast of the 
country's 2(10.000 secondary mai hematics and 
science teachers. "New measures must be rte- 
veln|icd and exemplary materials and models 
disseminated for iu-scrvicc training nf large 
numbers of teachers,'* the commission main- 
tains. Among these new measures, the com- 
mission recommends dial slate governments 
develop teacher training programs, but that 
the federal govern men t he responsible "lu en- 
sure that such training is available. " 

To ensure high quality among newly hired 
teachers, the repoit urges states to adopt rig- 
orous certification standards, hi addition, 
universities and colleges should help by set- 
ting tougher admission, curriculum, and 
graduation standards for future teachers. 

The report also says that to obtain qua lily 
teachers, slate at id loud school systems 
"slit mid draw on industry, universities, and 
the military ami other govern men t Ixiclies as 
well as on the ranks of retired scientists, engi- 
neers, and teachers." 

The new standards of academic excellence 
can be fostered by establishing at least 1,000 
"exemplary" elementary schools and at least 
1 ,000 “exemplary" secondary schools, the 
commission says. These exemplary schools 
“will provide a formal fur enuilaliun by other 
schuuls in the school district or slate— a major 
step loivan I it more general level of excel- 
lence." 

The commission suggests that these "land- 
marks of excellence" would allow cum mi ini- 
lies lacking the resources to completely re- 
structure their niathcniaiics, science, and 
technology education programs to “provide a 
substantial improvement for those students 
who are already motivated and ready to 
learn." The commission Fell that the federal 
government should encourage and partially 
finance these exemplary slIiooIs. 

Unlike other reports on the state ol the 
U.S. education system, the NSB's report in- 
cludes a breakdown of* what the recommen- 


The June Bacon- 
Bercey 

Scholarship In 
Atmospheric 
Sciences for Women 
1984-1985 

Expressly for women Intending to 
make a career In the atmospheric 
sciences. This monetary assistance, 
provided through a gift from June 
Bacon- Bercey, a noted meteorologist, 
will be given to a woman who shows 
academic achievement and promise. 
To qualify, candidates must be one of 
Ihe following: 

• a fiist-year graduate student In an 
advanced degree program In atmo- 
spheric sciences; 

• an undergraduate In a bachelor's 
degree program In atmospheric sci- 
ences who has been accepted far 
graduate study; 

• a sludent at a 2-year Institution 
offering at least six semester hours of 
atmospheric sciences, whohas been 
accepted far a bachelor's degree 
program, and whohas completed all 
of Ihe courses In atmospheric sci- 
ence offered at the 2-year Institution. 

Awardee seiecllon will be mode by 
the AGU Education and Human Re- 
sources Committee In consultation 
wllh the AGU Atmospheric Sciences 
Section. 

For application forms contact: 
Ameriean Qeophysloal Union 
Member Programs Division 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 
; ( 202 ) 442-6903 

Application Deadline 
May 1,1984 ; 


clarions would cost. The commission estimates 
that the annual federal expenditure would be 
$956 million for the first 3 years, $680 mil- 
lion in each or the following 2 years, and 
$331 million for each year thereafter. (For 
comparison, President Reagan's requested 
program level for the National Oceanic and 
Atmospheric Administration's entire fiscal 
1984 budget is $843.2 million.) 

The largest expense on the itemized list of 
recommendations is for the exemplary school 
program. The commission estimates that the 
program would cost $1,275 billion and that 
the federal government should contribute a 
Loial of $829 million, to be divided imo three 
annual outlays nf $276 million. To develop 
the financial approaches required and to de- 
cide how the costs of public education should 
be shared, the NSB commission says the Pres- 
ident should establish a Council on Educa- 
tional Financing. The council should be ap- 
pointed immediately, the commission adds, 
and should issue its conclusions before Au- 
gust 31. 1984. 

Also outlined in (he commission's report 
are recommendations to provide a national 
system Tor measuring student achievement 
and to utilize “all available resources, includ- 
ing die new information technologies and in- 
formal education." 

The National Science Board Commission 
on Prccnllcgc Education in Mat hematics. Sci- 


ence, and Technology was m haired by Wil- 
liam T. Coleman, Jr., (U.S. .Secretary ol 
Transportation in the Find Adminisliation) 
and Cecily Caiman Selby (lot tner (lean nl ac- 
ademic a (lairs and diair of the board of advi- 
sors for the North Carolina School nl Seif inl- 
and Mathcmaiics). Copies of the report arc 
available Trotn the commission, l HIM) <i Street 
N.W., Washington. DC 20550 . — BTR 

Newell Library 
Dedicated 

On September 27 the lihraiy at the God- 
dard Space Flight Center in Crcenhclt, Mil., 
was renamed die Homer E. Newell Library in 
memory of the man who was once the Na- 
tional Aeronautics mid Space Administra- 
tion's (NASA) deputy director for space (light 
programs, director of the Office of Space Sci- 
ences, and associate administrator. Newell, 
who was 68 years old when lie died on July 
18, 1983, was president of AGU from 1970 
to 1972. 

A photograph of Newell and a plaque will 
be permanently displayed in the library. The 
plaque, which will be framed in walnut, 
reads, "The Homer E. Newell Library, dedi- 
cated September 27, 1983, to honor Ins lead- 


ership and eoniiil.minns t«. America, 
silence program." NASA Admi,m. 

JaiiR-s M. Ilt’ggs and Mrs. IfcSJS* 

were schedule. in the d£ 

non eetcniomes. "“‘a- 

Hie lilnuiy, established in 106] h a , 
115,000 hooks and l»o».„djm,m*S 
Gudduii], ul her NASA center,, * ld tfc 
meal lonuniinity. ww| i- 

In pclcliitou to die positions he held at 
NASA, Newell also headed the Naval Re- 
search I .a I memory's program on rocket*, 
scare 1 1 in the upper ul unisphcre. &TR 

Geophysicists 

'Hie National Science Foundation (NSF) 
announced the following stair changes in tfe 
Division of Atmospheric Sciences: fV/Hfon/f 
Beasley to associate program director of the' 
meteorology program; Andrew fl. Christian 
to program director i»r the aeronomy pro- 
gram; Thomas Crowley to program diretiorof 
the climate dynamics program; and Haun 
Virji to associate program director of thrdi- 
male dynamics program. 

lu NSF's Division of Ocean Science, Erf. 
ivnrrf D. Hondo lias been appointed program 
director of the biological oceanography pro- 
gram. 



Principles of Forest 
Hydrology 

John D. Hewlett, University of Georgia Press, 
Athens, 183 pp., 1982, $6. 

Reviewed by Edwin T. Engman 

Principles of Forest Hydrology lias been writ- 
ten to accompany class lectures for smdents 
pursuing training in forestry, wildland re- 
sources, environmental sciences, and geogra- 
phy. The book introduces basic principles 
and concepts of hydrology and it docs this 
quite well. 

Principles of Forest Hydrology is a revision or 
an earlier book. An Outline of Forest Hydrology, 
coauthored with Wade L. Nutter. The new 
version is quite similar to the original with 
some important additions in the areas of pre- 
cipitation, subsurface water, and evapoirans- 
pimtioii. Metric units arc use* I ill the exam- 
ples and problems, and the soil water poten- 
tial terminology has been updated. 

"Hie text is organized in a time-proven and 
logical fashion. An introducLoiy chapter gives 
the student a good perspective plus an intro- 
duction to some necessary definitions. The 
next seven chapters march the student 
through the hydrologic cycle starting with wa- 
ter and energy cycles and then introducing 
basin morphology. A chapter on atmospheric 
moisture tuid precipitation is followed by 
chapters on soil moisture and groundwater, 
evaporation and evapolranspi ration, surface 
water and the runolT process, and erosion 
and sedimentation. The last two chapters. 
"Forests and Floods" and "Forests and Water 
Quality," discuss the role of forested lands. 

To some degree the book reflects the re- 
gional experiences of the author. The inclu- 
sion of the R index and discussion of partial- 
area hydrology are important and useful con- 
cepts in humid areas; however, the text 
would be better balanced if it included a dis- 
cussion of other empirical runoff equations 
and the runoff processes found in other parts 
of the world. 

The book is easy to read and mosL or the 
concepts have been explained very dearly. 
However, I would like to have seen a more 
extensive and up-to-date list of “Further 
Readings" to accompany each chapter. I Teel 
that a good list of reference material is espe- 
cially important Tor an introductory text. 

1 also feel that there are several aspects of 
modern hydrology that the author did not 
cover at all or should have covered in more 
detail. One of these is infiltration. The author 
explains that in runoff generation, in filtration 
is generally not the controlling factor that it 
may be in nonforested soils. This is probably 
quite tree for the humid east but may not [» 
true for all forested and wildland areas. In 
addition, many resource management appli- 
cations involve areas of mixed land use. Some 
introduction to infiltration theory, and some 
specific references, would make this text 
more widely useful. The treatment of flood 
routmg a^so needs to be expanded and up- 
dated. The simple storage method is useful 
for explaining the concept but the process is 
Tar more complex than this, and there are a 
number of* computer-aided tools for me in 
flood routing analysis that are much more up 
to “ate. An introduction to watershed models 
would also add to the book. Thi, ty pe 0 f ... 
model (c.g., the Stanford Model) is used bfr 

E !“"« for ™ny. applications, 

and the beginning smdenL should be made 
aware of this tool. : ,. r ... 

i F " at HjdnMgy » a good bask: 

^V°^ nn,ng Sludentfi ln r °"*ry and 

w|idland| rcsoujjoDs lu strength lies jn ' the 
, dprity wh^wttkHt k explains the princfpj^ D f 
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hydrology as a science. Its major limitations 
are that it does not venture far into quantita- 
tive hydrology and the references are limited 
and not particularly current. 

Edwin T. Engman is with the U.S. Depot t mm) 
of Agriculture, Agricultural Research Service, Hy- 
drology Laboratory, Beltsvillc, MD 20705. 


New Publications 


I Lems listed in New Publications can he or- 
dered directly from the publisher; they are 
tint available through AGU. 

Acid Deposition, Proceedings of a Commission 
of the European Gnininiiniiics Workshop, 

S. Beilke and A. J. F.lsluml (Eds.), 1). Rej- 
del, Boston, x + 235 pp„ 1983, $32.50. 
Advanced Soil Mechanics, B. M. Das, McGraw- 
Hill, New Vork. xili + 51 1 pp.. 1«JH3 
$34.95. 

Agricultural Management and ll'«/ci Qiinhli, F. 
W. Schaller and G. W. liailcy (Eds.), Iowa 
State Univ. Press, Ames, xviii + 472 on. 
1983, $39.95. 1 

Agricultural Soil Mechanics, A. j. Kiiulen and 
H. Kitipcrs, Springer- Verlag, New York, xi 
+ 241 pp.. 1983,337. 

Ancient Sedimentary Environments and the Habi- 
tats of Living Organisms: Introduction to Pa- 
laroecoiogy. Springer- Verlag, New York, 
xxii + 219 pp., 1983. 

Buying a Better Environment: Cast-EJJcclive Reg- 
ulation Through Pet mil Trading, V.. F. |ueri‘s 
and M. H. David (Eds.), Uuiv. of Wisconsin 
Press. Madison, x + 27(5 pp., I9H3, $7.50 
Coated Groins, T. M. Pei yt (Ed.), Springer 
Verlag, New York, xi + 055 pp., H)H3, 

$58. 

Conservation of Water and Related I And Re - 
sources, P. E. Black, Pracgcr, New Ymk. xx 
+ 209 pp., 1982. 

Crystal Symmetry: Theory of Colour Ciystallogia- 
phy, M. A. Jaswon and M. A. Rose, John 
Wiley. New York, 190 pp., 1983, $44.95. 
Drinking Water Supplies: Protection Through Wa- 
tershed Management. R.J. Uurby, E. J. Kai- 
ser * T- L. Miller, and 1). H. Moreau, Ann 
« 9 Qo r Science ' Ann Arbor . Mich., 1983. 

Dynamique des Climats et ,ie L'£amlemmt Fluvi- 
al, R. Frfcant and P. Pagney (Eds.), Mas- 
son, New York, 239 pp., 1983. 

Earthquake Forecasting and Warning, T. Riki- 

lesi 1 $i2o idel ’ B ° su,n ’ * xli + 397 PP " 

Electronic Surveying in Practice, S. H. Laurila, 

a,K'” ¥ " ri '” +M pp- 

The Exploration of Outer Space With Cameras: A 
Wwtory of the NASA Unmanned Spacecraft 
Missions , M. M. Mirabito, McFarland, |ef- 
ferson. N. C., vi + 170 pp., 1983, $19.95. 

F i?l raa/ c En S* nBeTi H> Hung Tao 

Shen (Ed.), Am. Soc. Civ. Eng., New York 
xv + 617 pp., 1983, $47.75. ’ 

Fundamental Concepts m the Numerical Solution 
Of Differential Eqttaliaiis, J. F. Botha and G. 

202 ^iit n $S: New Vorkt xU + • 

applications of Simultaneous . 

10 C. Pavlis, i 

Sf' Department' 6F Geodetic Science 
jnd Surveying, Ohio Stale Univ, Research 
Foundation, Columbus, xv + 213 pp., •••.'• 

Geology Geological History, and Origin tf f 
Qn&oi-Xwng Plateau, vql. j , ^logical and • 

Stupes of QtnghalrXin™^^ ’ 

; ?$,mi 

and Geophysical Dqla lf) 75 _j 9 y 6f 




Luvaiid \ e. K. Markhinin (Eds.), Cam- 
bridge Univ. Press, New York, vii +3(1 
pp., 1983, $69.95. 

Ground Writer M outlining t echnology; Proa- 
dures. Equipment and Application, R. D. Mot- 
rison, Tiiiiiu Mlg., Prairie tin Snc, Wk.« 

+ II I pp., 1983, $33. 

Gwund water CuiitiimnintioH in the United Stun, 

V. I. I've. R. Patrick, |. Quarles, Unh. of 
Penn, l’ress, Philadelphia, 307 pp., 198!, 
$14.95. 

Holomtuphn Funrtin n\ of One Variable, S. Co- 
loinho, Guidon and Breath, New York, is 
+ 271 pp.. 1983, 339.50. 

Hydnnlyiinmii \ nf the Equatorial Ocean, Pray- 
ings of dir l-lili I nliTiiaUnnal Liege Collo- 
quium on On-aii llydrodyiiainks,J.f-J- 
Nihoul (Ed.). Elsevier. New York, x + 368 
pp.. 1983. $1*3.75. 

The In/ei im uj the Earth: Its Striutme, (.'sutfi"- 
linn, and Evolution, 2nd ed., M. H. P. Bo*i, 
Elsevier, New York, ix + 403 |»p , I9S2. 

$35. 

liihiirnntinenlrd Ftdd Belts: Case Studies in A' 
VanwriH Belt of Ewofre and the DnmumBdis 
Namibia, II. Mai tin and E. W. Ecler lEds). 
Springer- Verlag, New York, xiv + M5pp- 
1983, $52. 

I nl indue linn In GrnmagHcthm, W. D. Parkinson. 
Elsevier, New York, viii + 433 pp- 
$19.5(1. 

Mathematical MotMing of Water Quality: 
Streams, Lakes, mid Reservoirs, G. 1 ■ OH® 
(Ed.). John Wiley. New York, xx + 
pp., 1983, $105. 

Methods and lush iimentrdimi for the luveii'gP 1 * 
tj iiiiiiniihviitei Systems, Gunintiuee Tor ) 
dmlogical Resean h TNO, The 
The Nullierlunds, xiii + 6‘JO PP-» 

$30. ( 

\hihwls in Rock Magnetism and Palaron^' 
thin: Techniques mid Instrumentation, 9- ■ 
Collins* in. Chapinim and Hall- New m 
xiv + 503 pp., 1983, $79.95. 

Minerals, Rucks, and Fossils, John Wiley 
Teaching (inkles, R. V. Dietrich and k. 
candor, John Wiley. New York, 2u pp- 
1983, $9.95. . , . ,. rM 

Ocean Science. K. Stowe, 2d cd.. John JfUf). 

New York, xiii + 673 pp.. ' 98 ^ 

OphblUic and Related Melanges, vol ■ •"T 
mark Papers in Geology, G.J. H. 

(Ed.), Hutchinson Ross, Stroudsburg. »• 
xiii + 44fi tip., 1983. 

Pioneer Venus, R. O. Kinimel, L. 'p 0 ‘ ’ u 
Burgess. NASA SP-161, U.S. 

Priming Office, Washington, D. 

253 pp., 1983. ! . ,.^,1 

Principles of Underwater Sohho. R 'J' ( . ' - 
McGraw-Hill. New York, xtii + PP' 
1983, $39-95. • » A S- 

Principles of Water Resources 
Good ina n , Prcutice-I lalli Eng*® 

N. J., xii + 563 pp., 1984 J34.95. 
Proceedings of the Aa 

Seismologicnl Commission, E. Bi 
Gy. Szeidoritz (Eds.), Elsevier, . • , 
xviii + 689 pp., 1983. '■ - smso/H 

Public Involvement and Social Ifipa 

G. A. Datieke. M. W. Garcra. and U 
coli (Eds.). West view Press. Boulder, . ,- 
xli + 303 pp., 1983, $25. / i : 

The Radon Transform and Sjjj ,9 
tioiu, S. R. Deans, John 

xi + 289 pp:, 1983, $31-96- . . 

Remote Sensing AppUcattoto ™ W kjXTO ^ 

and Technology! Proceedtap ^J igfc A* 

vanced Study Insutute.^.^ ’ ^ f. 

: P. Crackncll (Ed.). D. Rc.d.1, B*! 0 "',. 

. 466 pp.. $7$. •=:. A 8 ? ' ' 

Satellite Mferqnvve Remote Sm g> fa - ^ , ,, . 
.(Ed.), John Wiley. York. , . 

i98s; $i io.: • V; . 


1983, $135:: .. 
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RATES PER LINE 

Wanted: first inscrikHi SI. 73. 

alinseftwni ^ 

Available, Smites, Supplies, Counn 
first ilisKilwm ait- 
(flional insertions $2.75. 

SgktlOppdrmUtu-- first imvilmn life, ailih- 
oonal insertions S I -5i>. 

Thfrrare no discoiuus ur imiuiiis^iuiis oil 
dBjScdali Any tvjw style lh.il is mi |>ul»IMi- 
er’i choice is chai gnl f»r al general .nlveiUMlig 
£ a is published weekly mi Tuevduv. Ails 
nu« be received in writing mi Mmulay. 1 week 
pior lathe date uf |HiMkalii*n. 
fcpliesioad* wfch Lux numlwis dimild hr 
jdd,eu«l w D QX — ■ Ameriiaii (k-nplivsii al 
UnioD, SHOO Florida Avenue, NAY., Washing- 
im, Ii. C. 80009. 

Tor further information, call lull live 8HU- 

«f 2488 or, in the WashingltMi. 1). C„ aiea. 
4W-690S 


POSITIONS AVAILABLE 

gaeirdi Agricultural Englncer/Tillagc Research. 

Qulified randidates are invited in submit applii a- 
BjSfbri two year research pusiiiuii at die Oeiun- 
oeiu of Agricultural Engineering al Texas lU-M 
Vmveniiy. The researcli deals iviili the rxainiiuiinii 
duil mechanical processes and water encigy duxes 
murlrulluraJ tillage lysiems. Tn qualify iiintlidaies 
ihouud have at lean an M.S. degree bill preicialtly a 
Pt.D. inagriniliural engineering or closely lelaictl 
6di Submit resumes and names and addresses of 


Chairman, Division of Meterorology and Physical 
Oceanography/University of MiamT The RoSiel 
ScIiikiI uf Hanne and Aunospheric Science is 
scan rung lor a senior faculty member who is willing 

u DiVUi^n 1 fM IOrc V” r 33 L’bsinnan or 8 

? Dl - ,n n uf M«eowiogv and Physical Occanogra- 
ili>. The Disi si on at present consists of Id (acMttv 
members and about 25 graduate siudems. 

AppStdiilS siiuuld be micrnaiionally iccoenizcd 
scientist i in mclcnrnlogy nr physical nccanugrapliv 
ami have cx[iericiice in leading coO|ieraiive n? 1 
svarcii. 

ApiiKiaiKMis, incluiling a cuneni professional 
resume ami nnmes ol three references should lie 


t^lionSelsmologlM, or Gealoglats. Boreil by 
our Blurs— arademic seismic ]ini|ilinu ,u sra in I .j 
seconds— seeks pustdnes lor Kcolnuicarinicriirci.i- 
uon and umm olive pTOLessing. Sinendiil i > iiviii,ii. 
mem. Universin salary. Send ci in Ur. Mall hews. 
Enk j icnccs ' 'hdbra Ltln. Caiiihriilgc Lhiiursii), 


Rensselaer Polytechnic lnslilulcM. Tenure-Track 
caculty Position and a Post-Doctoral Research Po- 
sition. The Dcjurmtciil id Geology nf RcnsseLici 
Polytechnic Institute is sccklne apnlic.mLs for mu 


resume and mimes ol three re^nceTshoi'dS e JJS** ln5li,ulc “ wekhij? api.tic.uiLs fur tiu. 

sent by I Deecmbcr l'J83 lu Dr William W Fox openings, a icnure-lrack f.ictiliy ]xisilinii ami a p* 

J Si &0. U - no 


ihiee references to: Dr. E. A. Hilcr, Head. Denar t- 
mml of Aarirullural Engineering. Texas AjcM Uni- 
wan, Couege Station, TX 7784 S. Tclcidmne: 4U9- 
BMUI. 

TeusA&M University is an equal opportunity/ 
lOirmiiive action employer. 


Tutdertorsl Research Associate Posilions/johns 

2 Joi University. Pusiiiom are available |<u 
hq( planetary magnet* .spheres, and tur stii'l- 
« of earth maaneiospheiic :md aumral iiliysi>.s. as 
sell u in a newly initialed prngram in solai phvsiis. 
Wwed candidates will partici]KitL- in ihe analysis 
adinlorpretalion of data obtained Iohii tkvp 
ijme probes (Voyager), or panicle livid, ami vital 
o* aniouihcrk emissions dam from e.uih criming 
TiCHrafi. Positions arc one year, renewable cpijnr- 
■uniiiej with flexible sianing dales. C iHiiati: Ned 
AuE, [itpanmcnt LER-320K The jului-s Hopkins 
micron Applied l'hysks Laliuntlurv, Julius llup- 
bni told, Laurel, Marvlaml 2H7H7. 

.An Equal Opporiimiiy Knipluvi-i M/f. 

Entwh Auocistc/Pclrography-Pei rolitgy- I • ■ 
yo a research effbu ainied al iiihIi-i si, Hiding ilic- 
uadrituiion hisinry o| ihe soi.u syMein by iimu-ial- 
'iM.fheniKal. and isuixpiv siudies cl nuv nn In- 
m primitive mcienriles. Applii.uu nn-d mu 
“^previous experieme wiili meu-ciiu-s Ihii 
“ r*? 1 “* * “peri* jiCircgiaiilH-i. skilled in ihe use 
, “LM and clectruii piniw. Suuevdul ijmli- 
“J'fHiJ/ bo dedioiicd, pi mine live, an i-fletiisv mm 
unnwr both orally ami in wiiliiig. .mil will haw 
IMS inhan “' V«*ncy expected in mid miiuinn 

f presume and names ul liner releieiucs u»: 1.. 

numin. Ueiiarinicm ul liic (■euphvMi al Sneiiu's, 
SS 37 ‘"('O' r,Ti ‘ l S - KIB ' Avei.iw, ( .lu*.*- 

n'/ifhr!i n ’^ er H ,y uf f U'W-aif* 1 is an Equal Opimrumi- 
VAirm ilm Aciim, EmpTcyer. 1 1 


, : — ■ ■T*" ■■ -'“'".‘'iiuvc, isoseiisnci aciiool 

■ I klaiiiie imd Amiwplienc Science. Universlly of 
341 4*1 ’ RickcnlMcker f juseivay. ML-mii. EL 

h«iti.ni will remain open unlit filled. 

I he Universiiy i»r Miami is an equal opportunity/ 
atlimiaiive net inn employer. 

Postdoctoral Position. Available for the cxiierimcn- 
i.il study nr the entrainment, deposition, and irans- 
jxin uf submenu in Likes and oceans. The research 
will lie pi iniarilv in ihe laboratory but will also in- 
s^ihe some fielil wurL. Competence in experimental 
fluid iiKi-hanics and interest in ciivironiucnial prob- 
lems is necessary- The pusiiion will remain open iin- 
iil Idled. Applicants shnukl send resume ami names 
uf three references to: 

Professor Wilbert Lick 

Dejarinunl iff Mcchank.il Eiiviruti mental Engi- 
neering 

Univdsitv of California 
Santa Barbara. CA 9310C 

An Equal ( Ippuri unity/ A inrnialive Action Em- 
ployer. 


Princeton University. A limited number of one 
year visiting appoinimcnis, with ihe possibilily of re- 
newal, arc available cm a compeiitve nasis for new 
and established Ph.D.'s io Larry out research in 
dynamics and prn lie lability of the uininsphi-rc and 
uteaiis, Llimaiulogy, aimuspheiic and ck panic vliem- 
isiry. Kisiu gcophysii .il fluid dynamics, ami solid 
earth gcc]ifiysks. Sucicssfiil applicams will have ar- 
tess to die fu..i lilies uf die Geophysical fluid 
Dynamics l.ihnramry'NuAA. Inluimaiiun and ap- 
iilKdlion I ■ mm can l>c cl.i.iiiicd from: (Jiaiiman. 
Yisiiing Scitntisi Sck-ctimi Comniiltee. Ge. .physical 
fluid Dyn. units I'rugram, I'rincciuii Univci-aiy, P>.m 
tlllne Box SUB. I'rincciotl, New Jersey 0X542. 

I'lincctuii I'mveisiiv is an Equal Oppuiiuiiiiy Em- 
pknei — M/E. 


Computer Safi ware- El cel ran Microscony/Arizona 
Stale University. A piisinmi as K<-si-an(i spi-..ialiM is 
e\|Miied hi In' ataikitde sin >uh Im w-.rl will mi 1 1 1 *.- 
Eaiilnv Im High kesuliiiinu Ek-.ii.ni .\[i> niv.pv. 
A-Sl', lor a i iinipiiier •aili-waie '•|*«-» i.ilr>i. I hr .ii»- 
in iiiiu-i* will tk-svliqi and siaiulardi/e piugijin- lot 
tiigli rewiiuiiuii image c akuLnimis and ini.igs- aiials- 
ms and I ur die qii.iiiiilicdiimi <>t imei pu la' inns »l 
EDS .mi I KKI.S daLi .iikI dilliatiimi paiiuns. I lie 
.iii|Mimee ss-ill ads iso .mil asdsi E.iLihly nscis in a]i- 
piicaiiiiii of die programs anil will participate in i lie 
desrhipniciii.il research programs of die Vaciliiv. 
\piiln anis sIii.iiM lias l a Pil l* Hi plis'isal 'i Mm 
.mil filfiisuvr exjn'ik'iicf ill ■ ••inpiili'i suli-w.iif «h- 
v'l'Ii ipiiii'i ii . Knowledge nt eleuimi iiiKiosiopy and 
die assni idled umipuier pi.igTaiiK is liighls desii- 
alije. Aiiplicaliuiis will* lime k-uc-rs ol lelemicc 
aluMiki lie sciil lu J.M. Cnsvk'v. (filler i«*r Solid 
Stale Sciem e. Arizona Siaic Universiiy, Tciii|k. A7. 
K5SK7 IscFcire Nuvenihei I, IU8S. 

Arizona Stale University Is an Equal Opporiimiiy/ 
Afliimalis’C Action Employer. 


doctoral rcseartli posilion. 

The Tac nil v position available in Scpiember 1UK4 
requires a Ph.D. or cuuivalem degree. The aiea of 
jpecializaiion wiihin ihe geosciences is open. Parlic- 
ularly iniponani is ihe applicam's imcicsi in re- 
search and leaching al lwih the undergraduate and 
graduate levels (M.5. and Ph.D.I with capability to 


ATMOSPHERIC DYNAMICIST/ 
METEOROLOGIST 

Applied Resonrdi Cornurntion hits inimndioto ujienitigs in the Following 
areas: 

Atmospheric Dynamics and Radiation Transfer (1 Position) 

Work on a team developing a primitive-equation general circulation 
® Q aal of th e stratosphere. Tliia model will be implemented on o Cyber 
^ computer, so experience wllh vector processing machines will be use- 

Mctoorology/Renioto Sensing (2 Positions) 

The effect of clouds on climate, involving: 1) the radiation and mlcro- 
Pbysical properties of clouds both from theoretical and experimental as- 
and 2) the classification of clouds through remote sensing for the 
eve '°PmQ]it of global cllmotologies. [1 Position) 

Remote sensing of marine boundary layer, involving: 1) theoretical mi- 
f^ave approaches; and 2) analysis of existing satellite microwave data , 

Dr a Pplication to the boundary layer problem. (1 Position) 

Radiative Transfer/Scientific Programmer (1 Position) 

Air quality research with satellite data, including both theoretical and 

“^arimental studies of the radiative effects of aerosol pollutants on air . 
Vialtty. 

m.? nd ! dat88 must have M;S. or Ph.D. degrees in atmospheric science or 
These positions support science and applications taaks^t 
sl^Goddard Space Flight Center, Greenbelt. Maryland, and require on- 

S n 8lary ran 8 e ^ open depending on qualifications. APP^d^Ra- • ;* 

«rch Corporation offers excellent benefits. Initial appointments will be . . 
one year (renewable up to 5 years). : ( 0 nrn f Mi ■ 

sioSi 0 ? Bd a PP lica nts should Send thair resumes, hames of three prof 

Clarences, and salary history to:: ^ ' 

. Dr. S. P. S. Anahd **. f 

Applied Research Corporation - . , 

j' ; 8201; Corporate Drive, Suite. 920 '' v 

Department oFBOS-12 • : 

, Landover, Mp 20785 - V, ;-v ; ! f !. 

^ Telephone: (301} 459-8442. . • ; j, ' j/ 


do creative research in ihe quuiiliiali\e stientev 
Preference will be given la individual with reic'drcli 
experience beyond die IMi.n.; the level nf lire ap- 
pointment is open. 

The postdoctoral pusiiimi is av.iil.ihlc Ivuinning 
January 19R4 tn do research in the field of lissiun 
track analysis apjAied in studies ul sedimentary bj- 
sins. Applicants mint he knnwlctlge.tble mid u\|ieri- 
cnced in fission track anulysis. 

Our present di'|iarimeiii is pan ul a niudci ii, 
tcchnofogica 1 1 y-nrienicd university, and o insists nl 
seven mcinbcrs whose cullcctke cxpcilise ciicuni- 
passes siniciiiral geology, geotihysks, gonheinisiry , 
pcirulogy, glmial and siiihcial gcolngy. and ecologi- 
cal modeling- Hie Rl'l eiivin.unieiii praivkk-i atiipli' 
oppormnilies fur firld and laiioramry expcriiiieni.il 
research in gcolugv. .is w ell as fur inlet ill wiplinat v 
studies in chemistry , phvsics, innlngy, nmilH'in.ilks. 
materials scienic-. ciigineeriitg anil iimqiiiier sci- 
ence. 

A resume and the names nf ilirre per sum wlm 
wmilil lie willing tu provide leiteis ul relercuii' 
should he scut to: Ihniald S. Miller, Chairm-m. IX- 
parlment ul Cculngv. Rensselaer IHilvlt-ihiik lusii- 
tuie, Tmv. NV ISIHl. 

Rensselaer is an Equal t i|i|nirtiimiy/A(lmi.iliyL' 
Action Employer. 

Laboratory Analyst and Manager/Soulh Dakota 
School of Mines and Technology. I'nsiiinii .is .uiing 
AssistaiiL Director of Kiigiiiccring and Mining Ex- 
periment Siaiiuii at si ate - si * p] ii in e« I scluMilof eitgi- 
i icc ling and science lucaieil adj.ueni t»» the lll.uk 
Hills ExiJL-riniie ie*|iiiiLd in standard ■ lietnk.il 
analysis. XRK XRI». AA ilU'f. i tn-igv dis- 

persive wavciciiglli tei hiuqiit'v. An.ilvii. nnrk 
'luinmaidv m in i-v. iniiic-ials. Im.'ls and waiei hui in- 
cludes eiigiiieciiiig malenals. (t|.poii unity |.ii indi- 
vidual lesv.iiih. milk wnlt gi .idu.itc si in lei i iv. .iml 
m«i nn linn in slimi courses Ms di.-gti-e iiiiiiuuiim 
Ckisiiig ilate. (.•ctulii'i 'll. I*WS 
An Fipi.il « sjitK.i tiiuiis I nipl.iyi't 
Krsiuiii' and mire irlcti-mes J.itk A. Ri'ildeti. 
Unnlol. lApermieitl Si,un.|i. Sonlfi ll.iknla_Si Inml 
• if Miim -iikI l u hunk igv Kapnl t nv. M> .'i77Ul- 
*»5. 

University of Cambridge,Bullard Labi JSeis mol *>■ 

S lit. I'cstiiuiiunil lesearch position araiLiblc in 

le Marine (ie..phv«i>'s lirniip We lipve .ill i. live 
|.|..y;tj|ii iii-.oluun tw.i -iilji mull l" ll.ililul w.'Miie 
ex|n.*iiim'nisnii the l .K >< •iitiiieiil.il iti.irgiii i.uii- 
UniciHUi ul digital *>BS. scisutii leli.uliuli ex|icn- 
HK-nts on the eoiitineiU.il shell, the deep oceans, 
passive and active margins and asrisinir ridges, and 
the (level* ipmcni and applic.iiiuit of new inter pret.i- 
tion met it'" Ls, with uppummitii's to initiate new 
pinjrcis. Initially funded for 2 1/4 yean. 

< | Send resume and names of two refrrees or re- 

quest for further details to Dr. R.S. White. Bullard 
Laboratories, MaHingley Road, Cambridge, U.K. 

An equal opporiunitv employer. 

The University of Missouri-Columbla/Facolty Poll- 
(Ions. The Universiiy uf Missoitri-Culiinilua I)c- 
parlment of tXoIngy plans immediate expansion 
through die addition of three lenure-track faculty 
positions. Appointments are anticipated at the assist- 
ant professor level, although higher ranks may be 
iKisstblc, beginning in August oT 1984. Candidates 
will be expected tu have completed requirements 
for the Ph.D. degree by that lime. Faculty members 
are required to provide quality instruction at both 
undergraduate and graduate level, and conduct re- 
searcineadina to schlorlv publications. Successful 
candidates will' be dioseii from the following special- 


Exploratiun Geophysics 
Solid-Eorih Geophysics 


Analytical Structural Geology 
Claslk Sedlmentology 

Applications should send resume, transcripts, and 
names and addresses or three references to: 

Tom Freeman, Chairman 
Department of Geology 
University of Missouri 
Columbia. MO 05811 

Department of Geoiclenceifllnlveralty or Houston. 

■fitc Department or Geosciences is interested lit 
having applications for tenure track position* in the 
following areas: (I) CKHiplivjIcj-seismolow. explo- 
ration. data processing (ii) Tetralogy— sandstones 
and mctantorphic (S) Geochemistry'— dlageneui 
Salary <tud rank commensurate .with cxporictiCtf. 

If interested, please send: 

(1) A curriculum rime 

(2) A brier statement of teaching and icanirli *n- 

!C ^) I Thrce leticn of reconuncndiiiion to: 

. Dr. John C. Butler 

Department of Geosciences 
University of Houston 
,' Houilon. Tcxa« 77004 

AlTirmaiivc-nciIuii'cqual-uppPiliiniiy empkner, 


MICROPROBE SPECIALIST 
LOCKHEED 

Permanenl position wllh major contrac- 
tor In one of Ihe country's leading geo- 
science laboratories al NASA's Johnson 
Spaca Center. Dulles Include: 

■ operation and maintenance of a 
new fully automated electron mi- 
croproba with WDS, EDS and full 
service contract. 

• facility development for state -or- 
the-art research including light 
and trace element analysts. 

• participation in geological sci- 
ence research projects within the 
solar system exploration division 
at NASA/JSC. 

• instruction of scientists In instru- 
ment operation and experiment 
design. 

Independent publishable research is en- 
couraged. Other accessible facilities 
within the division Include SEM. STEM, 
INAA, XRD, fluid inclusion and experi- 
mental petrology laboratories. Prefer 
M.S. In geology with experience in use 
ol electron microprobe. Programming 
experience desirable. Salary commen- 
surate wllh qualifications. 

Please send resumes to: F. M. Bond, 
Lockheed Engineering & Space Co., 
B07-EOS, 1816 Space Park Drive, 
Houston. Texas 77258 or call Kay Rod- 
gars at (713) 483-4757. An EEO'AA 
employer. 


r *&Lockheed 

Engineering and Management 
Sendees Company. Inc. 

AN EQUAL OPPORTUNITY EMPLOYER M'FiH 


I'rofossor of Marine Geophysics Tec ton lea 1 'Stan- 
ford University. I lie InquM nn-m fiv-qJi} »k». 
Si .hi ford University. i% M'vkniu •. iiwlnl.it' "< fin j li-n- 
ii re inuk |">iitii>** in Nil- In • ■;■(* art j mas !**■'■ v’l'o- 
physics jihI it'Ltoiiics. Wc ceck a tiejiiye scu tum 
trill* experience in gailicriuu, mieipi I'liux- anil Mil- 
iIivmAuk in.it mi tteiijilivsii.il il.it.i .met wltu-e ri- 

simhIi inlet cii, ci.vi r (L-|muli( I. igitt-smy. .uni to • 

mini |ir«it»'»sc» mi <>u'«iiik pi.iK-s .uni ■■■niiiieoi.il 
margins. Inquiries .ire inviu'd Itmti ni.iruu' cc». 
physiciHis lsiih ilriiionstrau-il fkuitihi rwntd in mu- 
of ihe dliove ,ii|iccis uf marine gii qilivsuv ..u ui l>>n- 
irs. who have Hem oust rated an ability ■tenlop 
new klcos .met research Jiieronns. .irol !•■ gunk- -iikI 
leach graduate and undrigr.idn.iie MinieniL In mhi- 
sklering this appoint ntcitl we jrc iiucremed in iii.ixi- 
l Hiring ill lerattinns with ongoing reveals Ii giuiijn in 

marine geology, plate tectonics, pale 

scismoliigy and regional geology at V.ini-'t'l. Our 
new facimy member will he c spec ted develop a 

Kiting research pragrain involving both govern- 
mcni and induMrut pariiripaiiun. 

Salary and rank will be con linen s urate with evjrc- 
tience and txukgrounil. Please submit ,i resume, a 
brief description of teaching and cese.irili interests, 
and references to: 

Dr. Amos Nur 
Depart merit or Geoplis sics 
Jill Mitchell Building 
Stanford Universiiy 
Stanford, CA 9430b 

Stanford University is an equal opportunity em- 
ployer, and encourages the application nf qualifeil 
women and minorities. 


University of Florida. The Department of Geolo- 
gy invites applications for a ten urc-l rack position 
beginning with the foil temi. 1984. Ttie position will 
be tilled at die assistant or associate professor level. 
A Ph.D. is requited and salary will tic commensu- 
rate with Qualifications. Although ans research spe- 
cialis will be considered, preference will be given to 
those with interest in these general areas: geodira- 
nology -isotope geology ur fow-teniperature geo- 
chemtstn-«.heniiral sedimentufogy Semi curriculum 
riiacancl 3 letters of reference by January 13, 1984 
in : Dr. N.D. Opdykc; Department of (Eulogy; 

1112 GPA; University of rluriib; traim-ssillc, H»ri- 
da 32CI 1. 

The Univcnity nf l : k>rida is an cijual opportunity/ 
affirmative action enqilnycr. 


Geological aaentes invuc 

lion of chairman to be appo^led September 1984. 
Wcseck a dynamic individual wllh BdininUiraiisc 
talent mid an appreciation for research anil DtHC' 


w ih : 12 tacuiLy anu an cnuni-w ( , 
practice, yet malniainihg a firni comniiinienl to ba- 

^Smwfa^iter of applfcallott. curriculum due and 
names oF three references to; •: ' ■ . 

, Cliairtian. Search Commiilfe , 

• 1 . ' . Department of Geological Sciences 
r Wright Stale University : . . 

; "Dayton, OH 4543$ .'• ; , • • 

• Wright Staie Univeriliy h an allintiaUvp ikoton/ 

5fiTS±« ( “'' g ‘ h ' eror ' hc 


To Vo Today 

Call AGU 
at 800-424-31488 
• Order booWlourhals 
# Request membership 

applications, 

• Rpmster far meeting 
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DIRECTOR 
WATER RESOURCES 
RESEARCH CENTER 
UNIVERSITY OF ARIZONA 


Applications are invited for the position of Director of the Arizona Wa- 
ter Resources Research Center. The Center, located at the University of 
Arizona, is an interdisciplinary organization formed In response to the 
1964 U.S. Water Resources Act and is devoted to assisting water-related 
research activities at the three state universities and to the dissemination 
of results of water- related research in the State. It also conducts research 
investigations within its organization, with special emphasis on the urban, 
industrial and agricultural water use issues of arid and semi-arid regions. 
Candidates should possess an earned Ph.D., preferably in engineering 
or a natural science, an established research and administrative record, 
and familiarity with the role and operations of a state water resources re- 
search center. Please send an application, curriculum vitae, and the 
names of three references to: 


Dean r College of Engineering 
Bldg. 72 

University of Arizona 
Tucson, AZ 85721 


Closing date is December 1 , 1983. UA is an equal opportunity employer. 


Iowa State University of Science and Technology, 
Department of Earth Sciences. Applications arc 
incited fur a tenure track lac tilt v positinn in Mcico- 
rulon. Rank i* nl the awislanl or awudaip jirnfisuir 
level. ilc|KMiclcait iipnn qu;iH fii.it it ms. The suucssful 
applicant trill be expected In develop a strung re- 
search and g null late student program and wnl leach 
undergraduate and graduate ci nines for mclcomla- 
gy nHJ'WS. 

The position is fora person tdih proven expertise 
within the general area of dyn.uuir meteorology. 
Teaching will involve jn undergraduate course in 
synoptic nictcnmlogy, in uddilinn iu courses related 
In the field of expertise. Completion of the I'li.D. 
prior lua pj mini mem is siumgly preferred. In addi- 
tion, research alii lily slinwn by diner publications 
duilfcir pustdoi (oral experience will be nn udvau- 
<■'««?- 

Iow .1 Slate offers degrees in mriecirnluirv ihruueli 
the I’h.D. I lie program includes abmu 60 ii,uier- 
gmduate nuijurs; the grarji wic/reseji cli priigraiii is 
strung and emphasizes (lictiri-ri.nl. tlyiiaiiiii studies. 
Close rfl,itiunslii|H arc esi.iliJislicd with the futilities 


and personnel of major national la bora l ones. New 
campus facilities for meteorology arc ciiitciiiIv un- 
der caiittructiuii. 

1 lie jppointnicut is expected to begin no later 
Ilian : ■ - 


citrrem . 
deadline 


September, 198-1; an appointment during the 
ml academic year may uc possible. Application 
line is November 1. 1R83; later applications wil 


beaccepictl if ihc posiiion is not filled. For applica- 
tion information please write to: 

Dr. Ren E. Nordlic 


Department of Earth Sciences 
Iowa State University 
253 Science I 
Ames, losva 5001 1. 

Iowa State University is an equal oppoiiiinity/af 
firmaitve action employer. 


Mcteorolosiat/The City College of The City Uni- 
versity of New York. The Department of Earth 
hiiiI Planetary Scicikcs invites applications for an 
anticipated opening in mcicnrnloey. The apimint- 
nicnt will start September. 1084. Aupliciints should 


AGU 


Section Candidates 


Etn is carrying bingrapliics and pliotu- 
grapbs of all candidates For President-elect, 
General Secretary, and Foreign Secretary of 
the Union and For President-elect and Secre- 
tary of each Section. In addition, statements 
by the candidates for Union offices and for 
Section President-elect will appear. 1 lie mate- 
rial for the Atmospheric Sciences Sec Lion ap- 
pears below. The material for the Geodesy, 
the Geomagnetism and PHlcuniagneiism, and 
the Planetology sections appeared in the Au- 
gust 30 issue. The slate of candidates Tor all 
offices was carried in the June 21 issue. 


Blue. GRL, Radio Science, and Reviews of Geo- 
physics and Space Physics). Has also presented 
over 50 papers at conferences. 30 at AGU 
conferences. 

In 1979 was awarded AGU’s Macelwane 
Award "for significant contributions to Lite 
geophysical sciences by a voting scientist of 
outstanding ability." In 1981 and 1982 served 
on the AuU Macelwane Award subcommittee 
and from 1978-83 was a member of the 
AMS Committee on the Uppei Atmosphere, 
Previously, he served on the Scientific Advis- 
ory Committee for the Federal Aviation Ad- 
ministration's High Altitude Pollution Pro- 
gram (1978-82). the NAS Committee on the 
Atmospheric Sciences and several other pan- 
els anad summer-study groups. 


Statement 


Atmospheric Sciences: 
President-elect 



Ralph Cicerone A 
■it ember or AGU since 
1 97 1 ; 39 years old; Sen- 
ior Scientist and Direc- 
tor of the Atmospheric 
Chemistry mu! Aerona- 
ut v Division of the Na- 
tional Center for Atmo- 
spheric Kcsciitrli. Major 
interests arc atmospher- 
ic chemistry and hiugco- 
diciiiistry. Received his S.ll. degree from 
MIT (11)65), his M.S. (I AH?) and Ph.D. (I97U) 
Trot it the University of Illinois. Served on the 
staffs of the University of Michigan (1970- 
78) and rim Scripts Institution of Oceanogra- 
phy < 1978-811) before joining NCAR. An Edi- 
tor (1980-83) iff rite Journal of Geophysical Re- 
search: (Oceans and Atmospheres); he served 
as iin Assucjate Uditur for dial journal 1977- 
71k He is a Fellow nr AGU. the American As- 
sociation fur the Advancement of Science and 
the American Me (euro logical Society (AMS) 
aud a member of the American Chemical So- 
ciety. • 

Presently Vice Chairman, Panel on Atmo- ■ 
spheric Chemistry, Uoard of Atmospheric 
Sciences and Climate. National Academy or . 
Sciences (NAS); member of. the AMS Com- 
mittee on Air Chemistry and Radioactivity 
and the AMS Committee on Fellows; and 
Chairman, 1983 Gordon Research Confer- 
ence on Environmental Sciences: Air. Has - 
published over 4Q. papers including 28 in 'five 
different; AGU journals .(JGR Gieen, JGR 1 


AGU s Atmospheric Sciences (A) Section is 

nao eWeSl SeCti0n ° r AGU - lt “« created in 
1982 to continue the activities of the Meteo- 
rology Section and to place more emphasis 
on the leading role of AGU in atmospheric 
chemistry, atmospheric electricity, and certain 
portions of climate and solar-terrestrial ef- 
fects. It is an honor for me to be nominated 
m tins first A-Seciion election to succeed our 
president, Dr. W. N. Hess. 

To assure that AGU avails itselFof oppor- 
ummesaiid discharges its obligations. AGU 
Seaton Officers and Council Members must 
accept major responsibilities. These include: 
maintaining and improving the quality ofonr 
journals, holding high-quality scientific con- 
fcrcncc*. representing specific scientific areas 
on the Council and staying alert to new ot> 
portnimies. Examples or issues that concern 
me now tire page-charge costs in AGU iotir- 
nals and the continuing growth of our na- 
tional meetings. On the former question, as 
an outgoing editor, I have seen a growing 

numbw „f aurora end ,| lrir pap ‘ rs l0 

last 4 i" 


last 4 Arn — ■ , m the 

, 4 y ears - AG V musl P lace a higher priori- 

tv OI1 loW Jint7K rkdnai .« •. * . 


have iompleicri the I'li.D. by iln- lime ni .q*|ntii»- 
incnl and have a strung liarkgrniiiiil in syiimxii mi-- 
Lcorolojry and ram inner .ipiilu .itimis. In .nlifilinn. 


iiiiuicr .i|t]ilK .i 
the individual should have an inti-icM in .uiiinqilici- 


ic chemistry or pollution as ajijilk'ii in inh.ui .ue.iv 
nr physical nreaniiKrajiliy. 'Hie |iemm liircil will In- 
required to leach cimrsus in uiefCHmilngv. .mil possi- 
bly physical oceaimginphy as well as develop and 
maintain an active research prngiiiui. I'.iriii inaliuii 
in ihcC.U.N.Y. I'h.D. l'liigr.iiu in Kaiih .mil Kiivi- 
roninciilitl Sciences is aiilkl]UU.-il. Rank anil salary 
will be commensurate wilh experience. Send ii-mi- 


me, Lranscripu and three leiieis nl i el'eieme In No- 
vember 30. 1083 iu Professor Dennis Weiss, Club- 


man. Department of Earth and riaueiury St Leiues, 
the City College. 138 Sti 
New York, N.Y. 10031. 


the City College, 138 Street anil Cnnveni Avenue 1 . 


The City College nf the ( lily Lhiivei sitv nl New 
York is ail equal opportunity aliiniialivc'ai tiun em- 
ployer. 


GeochemlstryAJnivcralty of Illinois at Urhnna- 
Champaign. The I)e|i.iriinctit nl Cenlngy invilcs 
applicants for a tenure-track futility iKi.iiiinii in 

S aecheinisiry. We ate seeking > and icf.it cs whu have 
early dc mun lira ict I the iiolenliai to lie miisi.inding 


researchers in the general iiicii c>Tkiw-leiii|>ci.<liirv 
geochemistry and wltfi.se flume reseaicli eilnris wil] 


complement uiir existing jutigranis in die peuolngt 
and diagenesis of sediiiicnts. stable istilupe siudii-s, 
and fluid- roek interne t kn is. In .iddiiiun In the ili-vi-l- 
opmem of a strong research [migrant, the si hi ess- 
ful candidate is expected to ]Kii(iii|i;iU‘ in all aspects 
of leaching ami advising at the graduate and iniric-i • 
graduate levels. 

The Department id Geology houses a variety ol 
facilities for geochemical research including ah 
atomic absorption spectrophotometer, x-luy dillr.ic- 
lion and [liinresccncc units, an ismnjic-r.it io mass 
spectrometer, and two electron microprolx-s. Nu- 
inerinu other analytical facilities arc availahle on 


campus. 

This position Is available- immediately. We expect 
to make the appointment at the Assistant Pruicssur 
level. Salary’ will be commensurate with experience 
and qi tali fie a Lions. For equal consideration, plc.ise 
submit a letter of application which includes a state- 
ment of current and fu l urc research interests as 
well as curriculum vitae, bibliography, und file- 
names of 3 references willing to comment un vutir 
qualifications and promise in Thomas F. Anderson, 
Department of Geology, 245 Natural History build- 
ing, 1301 W. Green St., Urbaiia, IL GIRO I, 
(217)333-0355 by November 30. 1983. I hc Univci- 
sity or Illinois is an equal oppurumiiy/:iHiniiHtive-.ii- 
tion employer. 


Tenure-Track Faculty Posilion-Geophysics/Ncw 
Mexico Stale University. We arc seeking a l.iculiv 


member whose duties will include teaching 1 km h un- 
dergraduate and graduate level anuses, conducting 
research and supervising graduate level thesis and 
dissertation research. We are patlicubitly inicn-Meil 
in a scUmulogist, but persons with cxpcriciiit in 
other geophysical techniques arc invited iu hjijiIv. 

Minimum qualific.it ions include an earned ifiuim - 
ate in geophysics or a closely rrl.uetl area ami ■lent- 
onsiraicd research capability. Teaching cxiwiicihi* 
and demonstrated alnlily to secure rescan li funding 



Julius London A 
member of AGU since 
I960; age 66; jirufcssor. 

University «»r Colorado, 
since 1961. Major inter- 
ests; atmospheric phys- 
ics. B.A., mntheiuatics, 

Brooklyn College, 19-11; 

M.S., Ph.D., meteorolo- 
gy. 19-18, 1951; New 
Vnrk Univcrsiiy Res. 

Assoc., A ssi. Professor, Assoc. Prok-ssur. New 
York University 1951-61. l-cmiro. Columbia. 
195*1; Visiting Professor, Pen nsy I v.niiu Stan- 
University, 1955; Department of Aslm-Geo- 
physics, University ul ('-olfiradn, since 1961; 
Chairman, 1966-(i9. Visiting Professor, KTII 
Zurich. 1967. 1974-76. Fellow: AAAS.AMS,’ 
R. Meteorology Society. Invited Ictiurur: 

AMS, Chinese Academy of Science, A A AS 
(Chautauqua). McGill Slimmer School. 

Member, IiuernatioiKii Ozone Commission 
(1AMAP); President. Secretary, International 
Radiation Committee (IAMAP). Chair, sec- 
tion on Atmospheric and Hydrology Sciences, 
AAAS (member or Cotmcii AAAS). Member, 

t-' S ‘ Iw P D , UreaU ^° nini ' l,cc on Educniion & 
Hie ^° arcl on University Education; 
AMS Committee on Upper Atmos.; Member 
AMS Committee on Fellows (Chair); Chair, 
Pane on Ozone CAS NAS/NRC; Member, 
Panel on Strat. Chemistry, Committee, Im- 
pacts or Strai. Change NAS/NRC; Member. 
Panel on Earth Science, Committee on Hu- 
man Resources, NAS/NRC. Member. Board 
. Ynuiees, Executive Committee, Nominni- 

{Chair) LICAR : IUGG rep to 
™ f Execuitve Conn., U.S. rep. to 1A- 
MAP; Member WMO/1CSU Working 
Groups, Cloud and Radiation; Aerosols and 
Climate. 75 publications (7 AGU journals); 
contributor to Harpers Encyd. 

_ Editorial: Associate Editor, JGR; Board of 
Editors, Contributor to Atm. Phys.. II Nun>o 
Cimento, Weatherwur, Editor Advisoty Board, 
Atm. Set. Libr., Reidel Publ. 


and geophysics As to the latter question, it 
has been said that out* San Frandsco meeting 
;s choking pn us success. Options other than 
the 8-day format need to be ye<onsidered P in. 

mnt n f rw CCl,0 - n ° r i,,nd «i ua le abstracts and 
J°S U “PJJ* 1 meeting: ) i mend ta ^j, 
A-Secnon members on this issue. . • 

with !SS “PP^unity to work . 

with the Aimosphertc Scie^es Seciioh mem- ' 
. bers, ihe AGU nrnfpi«Inn^rl«_<T L' . ! .- 


Statement 


Atmospheric Sciences section has the 

WnS?!lr b Kl Cy A 0f wifhin the Frame- 

hrnif r h A f mci .' ,can Geophysical Union, a 
f ° r ,ls members covering cun- 
n I’. forefro ^.P rt, blems of physics gnd 
From 'tP ap P ied ,o t L he eariiYs, atmosphere 
rhTrh^. Sl *" acc ; tQ about 100 km, I! believe 

thgt the seebon Should conUnue to be con- 


Earth Sciences 


T.I.1U Lll| nnnt-Duli 0 rly Gaoloriqi 
01ia(;i vntnry nf Columbia 
«IIy Ikvilos scianlists interests 

any n,,ltl„fihe earth scientt iB 

■iDl.lyfnr ll.„ following feC “ 
ships: Two postdoctoral fellow, 
ships, eudi awarded fora peiM 
uf otto year (extendable to two 
years in spooinl instances) basin, 
nlng in Suptember, 1084 with a 
sliptmd uf $25,000 per annum 


Completed applications ar B , D0B 
rulurnutl hy Jtmuary 15, 1984 An 
plicntiim forms may be obtained 
by writing to (he Director, La- 
moni-Dohcrly Geological Obser- 
vatory, Palisodns, Now York 
10064. Award nnnouncemenis 
will bo made February 28 , 1984 
or shortly thereafter. 


Columbia University is on A0r- 
niotivn Aclioti/Equol Opporiujilly 
fimp layer. 


an- clesuaNv. 1 be jtustitou is available iuljnuui 

ISW-I tor aracleniic year. AppoinitKm «■] 

In- at 1 lie rank ul Assist am nr Aisuaaie Prolnscf 
Salary and ai.uk-mir tank will be dencndtnioQ 
cxiH-riviKL- and qualiikaiiuns. 

Ajjplkatiuns ami tiaincs, arlilrrisei andulccbr/ 
ninnhc! .s .if at le.ist three references should bt ni. 
milled to l)r. Glinndlcr Swunberg, DepariiwouJ 
Earth Sucnu-s, P.O. Hox 3AB. Las Cruaj, N'M 
88003 1 

Ajiplic.il inns received by October 13, DHwSb 
given [HX'IcrciKe. 

New- Mexicu Stale University is an AIErmjiiif.v 
iion/I£f |ii.il Ojijjununiiv Kinploter. 


University of Minnesota Slraiigrapher/Sedinnaj 
Petrologisi. Teiiuie-ir.uk posilion suningfd 
198-1, jn < it i.ititv at the Assisi, un Professor lod lb 
candidate must have ;i I'lt.l). with interest 
•iphy i»f sediuteiitat v Itusitn. lecionirs and inkii- 


taiUHt, and tuxliiucut.ii v jieuoloay. and will be«- 
I'l'tierl in carry nut ic-scarili aud'ici icach gridun 


and undergraduate courses in these fields. fin* 
submit ic-suute. aiadeiuic records, and three lr«n 
ul recituiiueilclaiiiHi m l)r. I’cicrJ. HudluMiDf- 


ikii i iin-iat nl Geulugy and (.eu|iliS5KS, 108 PIkbun 
flail. L> ms ct sit v nl Mitmi'Mil.i, Minneapolis. 

. r i-..i5ft ii*i2i;t7;i-;t373. 


'I be Universiiv is an Equal Upporuimiv'AEfe 
tise Ac l i< jit Eiii|>|nvi-r. 


cliiiiigc, Jttm(tS|>lti-lir ciicrgelics. iropcsphfre 
and sir.ilnsphiiii' i hc-misuy. etc." 

"IhiivL-vcr, liLViiuxc the aimusphcrf h» 
imiligiinii.s hniiiiiliirics Iseluw and abme. * * 
t'hM'iiiiitl iliiit I lie program ufihcscdonin- 
lerfiue with oilier .siilxiiscijtlines (e.g.,w w 
eiirlli get >pi i y sics, cryiwpltcrc and 0CCiI ' | Y^ 
eluding .tif/sea bmmdsiry |iml»lenis; and |T 
iiliiK>spln-re pliysit s, solar jthysics. 
ai im is pile rit responses io solar vanaMBJ* 
tit .), h Inis het-n our experience ll»i ,u ? 
lerat lions ii-Milt in a mm lerdlizatB" “ 
elii to cm h oFilic pariidjMiing disapliK 

“Tin- .'xcfiuivi- of the Annosplicnc w- 
ern es set lion represeins the section m* 
minu-iU nl - the AGU and gives 
ihc (a mi icil on limiters irtvidwiyiW^ 
s|>hcrit sciences community. T . ^ 
plan m work t losely and coopewt*'* J 
representatives of the other disciplnie _ _ 

in at I vat icing the interchange ol i , 

gcttiiliysicitl sciences. In this the I** 
the Aiimuphcric Sciences section " , 
ranges for scientific .sessions *"*! n n '' .. j 
meetings that reilect the varied inl 5 ^ 
the section membership, but can 4 

cross discipline symposia thjjl w “ u 
hroacl representation of AGU sd? 


"I lie growm or me - _ 

sections dc|jends to a large ^ 
we!! it can nLiraci, srimulal 6 * an ‘ . ^,1 


well 11 can nLiraci, sLimmaic. ., w . 

young graduate and postdoctoral- j, 

lias 


tents 111 A Liu activiues. ru. --“t ^ 

tas become exceedingly cbfficub „ 
younger professional and P^P 1 

leagues to participate m AGU , n ,hedf 
strongly support efforts lo ^ 

vclopmenl of a special fund to 
to young scientists to attend 
meetings. These grants ' v0l ““ ff njember ^ 
recommendations, from an Ay , pp^srfr 
not be contingent on a format pr- r , 


tation. 


Atmospheric Sciences:, ' : 

Secretary: 


>'■ Rex J. Fleming A , 
member of j^GU since 
1982; 43 years old; Di- 
rector of the'dlfite of . 
Cllmnie and 'Atmo- ■ 
spheric Research of ; 
NOAA. Major interests 
are climaiology andin*. 
ternational pfogratns. 
especially GARP and 



especially nr wiv u,. ■ 

FGGE, Gridbawd from- M 

CrcighfOn UpivertUy j .. 1 



* ■>« 1 ’ * " [ i • • V 1 • *! "j 
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September 27, 1983 EOS 


lfl M. University uf Michigan tM.S. Metorol- 
^1968: University nl Michigan (Ph.D. Mc-- 

“SSSS'St* U ’ S ’ Ai ;.. Ko, l te \ 

n!r«-ior ASC AppluaiH.ns/Mstrkciuig. U-xas 
fninnmenu 1972-75; Direc.nr U.S I- its, 
rARP Global ExpcrmieiU Piojc-ci Olltce 
2*41; Director. Special Research Pro- 
crams Office; present |*«ii«»it. 19H3- . ltuer- 
Sonafc U.S. representative to U MO FU.L 
Sod Led firsL U.S. Ocean Gliinaie ndega- 
lioo to die People's Republic ot Ghina 
jlOAA representative to Natioual Academy 
ofSdences U.S. Garp Cam, mince 1978- . und 
Ornate Research Committee 1980- . Amen- 
ta Maeoroiogical Society: Served us Gluiir- 
nmorConimittee on Proiwltility and Statis- 
titj 1975-77. Meinitcr of AAAS. AGU, 
Amerkan Society of Photogranmietry, and 
ihc Oceanic Society. 

Published several scientific papers in sever- 
al professional journals. Awards: Air Fotce 
Commendation Medal (1967) for mi txtai tiling 
adik«meni in numeric analysis; The Dc- 
pirimemofCoiimietCfGuk! Medal Award 
(1980), for outstanding achievement in di- 
ttoing U.S. role in the Global Weather Ex- 
periment. Fellow AAAS. 



DisSraju B. Rao A 
member of AGU since 
1979; 46 years old. 

Since 1980, Head of 
Octant and Ice Brandi, 

Goddard Laboratory for 
Amwwpheric Sciences, 

NASA, and also Ad- 
junct Professor, Depart- 
ment of Meteorology, 

Umtenky of Maryland. 

Theoretical studies cm die free oscillations, 
free and forced waves, stability of Hows, in 
bko, oceans, and atmosphere. M.Sc. in Mc- 
uorology and Oceanography I rum India iu 
1959: M.S. (1962) and I'li.D. (1965) in (k..- 
physical Sciences from Univcrsiiy uf Chicago. 
Puudotlorai Fellow at NCAR during 1965- 
57. Then Assistant Professor nf Atmospheric 
Snenosat Colorado Stale University during 
1968-71; subsequently Associate and Full 
Prafenur of Geophysical Fluid Dynamics at 
University of Wisconsiti-Milwaiikc-e din ing 
1971-75. Following this. Head of I’liysh.il 
Limnology and Meteorology Group. Great 
Lakes Environmental Research btljotamn . 
SUAA, during 1975-86. Meuiliei ul A MS. 
^rna Xi, and charter nianirer ni I inertia- 
Water Kesourcc-.s Assuriaiinn. Vi»e- 
Ptaidfni, Denver CluijMcr of AMS (1969- 
'Cf. Member of AMS Gonmiiiiee on Auim- 
spheric and Oceanic Waves and .Slahiiiiy. 3.3 
P'^raioru in journals (4 in ACSL* joiunalst 
and over 30 unrefereed rejimts. Fellnw ■ >1 
AMS; biographical listing in W lie's Wltn in 
-America, aniung 01 iters. 


Membership 

Applications 

Received 


jJjJP^ a,l0,,s b*r tncmhersliij) have been u- 
u. “ r m ‘be following individuals. The 
alter the name denotes the proposed 
l m,na T section affiliation. 


NoBaccoiii (O). Uiznheih A. dreamer 
w i,l R «»i«ell S- Uar- 

MiwiV!? 1 I,an (SS) - G - J- Uawkcs- 

Ki n n«I , *' Dana Jolmsion (V), Wayne A. 

RoDaid'l^A^u' w n Z (t;> ’ TzeU ‘ Lie Lin (S) - 
ShuiiJf; ir^ f, J ,a aiM (A)l H ‘ innn,,,l J- 
B Mura u * ' R. Miikkn (A), James 

n«!S?V nj0r ? F - W ' Ncgcndauk. 

l\Ue,uJ knon MicliaelJ. I’nithcr 

(Vi sJS* (V I* Dimitri A. Sveijcnsky 

(H) ' D “ ,,iel Wri K l11 



Geophysical Year 


New Listings 


A boldface meeting title indicates sponsor- 
ship or cosponsorship by AGU. 


% May 1*5-16. 1984 Geological Assoc, of 
Canada and Miucialogical Assoc, of Canada 
Jiiini Animal Meeting, London, Ontario. (N. 
D. Mac-Rue, Dept, or Geology. Univ. of West- 
ern Ontario. London, Ontario, NBA 5B7, 
Canada. 


Change 

June 26-28, 1984 Symposium nf ihe 
Achievements or die International Magneto- 
spheric Study. Graz. Austria. Sponsor. Scien- 
tific Committee on Solar-Terrestrial Physics 
of ICS LI. (J. G. Roederer, Geophysical Insti- 
tute. Univ. or Alaska, Fait banks. AK 99701.) 
New date is shown. 


The complete Geophysical Year Lut 
appeared in the August 30. 11183. Eos. 


Chapman Conference 
on Natural Variations 
in Carbon Dioxide and the Carbon Cycle 


January 9-13, 1984 Tarpon Springs, Florida 
Convenors: E.T. Sundquist and W.S. Broecker 


Natural Variations In Carbon Dioxide and the Carbon Cycle will bring together 
geologists who are studying various aspects ot carbon cycle history-, geochemical 
modelers; and biologists, oceanographers, and meteorologists who are familiar with 
present and potential future relationships among the carbon cycle, atmospheric CO 2 , 
and climate. 


CALL FOR PAPERS PUBUSHED IN EOS. JULY 19 
ABSTRACT DEADLINE EXTENDED TO OCTOBER 14 


Both Invited and contributed papers will be allotted at least 30 minutes for each oral 
presentation. If there la sufficient demand, space and time will be made available for 
poster sessions. 


For abstract lormat and meeting loglatioa Information oontact: AGU Meetings, 
2000 Florida Avenue, N.W., Washington, DC 20009 (202) 482-6903. 


For program Information contact: E.T. Sundquist, U.S. Geological Survey, 431 
National Center, Reston, VA 22092 (703) 860*6083. 


GAP 


Separates 


To Order: The order nitliibci can he 
IoiiikI ai the end t>l cadi nhsttuu; use all 
digits when ordering. Onh ]j.,|x.-is with 
urdet numbers ate available hum AGU. 
Cost: 33.50 lot the fit si ailkle and S I Jill 
fur with additional ankle iu the same *n- 
det. I’.tymeiil must a«(Uiii|uu\ on let IV- 
jjcisii >n (Minus available. 


Electromagnetics 


.Si’ll* / Mini unti l In: 
American Gcupiiysicnl Union 
2000 l-lui ida Avenue, N.W. 
Wasliiiigtuii. LM : 2M"W 


0703 Ancannal 

IHPKDAKC8 HEteimn&MTS UN A VU HULTI-TUM LOIN ANTENNA 
IN A SPACE PLASMA EMULATION CHAMBER 
U. C. K^onl (Tbi uroapica Corporation, P, 0. Box 
929S7. Loa Anjelaa, California, 9M'19I H. H. Dai*/ and 
B . C . Edgar 

Tilt Spaca Sclancai Laboratory ot Thr Aarnapaco 
Corporal Lon la peasant 1| daflnlog an atpiilaeni In cast 
a Loop antenna tonf Iguraitcn for a VLF iranaatiier In 
tat tonnnphara. Tha prlnary gb]fcl(<ai of lha 
aipariuni are to valldata axlactng node la for 
radial ton by a loop amenna and io icujy (he 
parforaanca of tha anlanna In th« Lonoapharlc plan. 
A nna-lhlrd arala o-adal of tha anlanna baa b*en 
rnnalniclad . InpeJanca senauraiiania hava bacn Bade on 
Lha a.'idnl In a S-a dlaaaim apaoa plnsaa alnlatlon 
thaabtr ai NASA laola Paanrrh Ceniar . Thn 
caanurononia oonflrn lhaL lha reatiance nf tha anlanna 
In an lonoipborlc plataa la aasastlally Idanlleal Iu 
Ul (rao apace aelf Induct am* . Ihe affacilaa aarlea 
real! tenia *1 lha circuit Incrtaaaa vied (raquanty. 
Tha loaaaa ara attrlbutad io power tranalarrad ro 
plaaal turbulence. (Lnop aatanna, plaaoa, »lf I . 
hod. Set., Paper 


Aeronomy 


udlij Absorption and scattering of radiation 
(particles or naves) 

IONOSPHERIC CAVITON 5 AND RELATED HOMLINEAR 
EFFECTS 

A. Y. Hong (Depart ruin t dF Physics, University 
of California, Los Angolos. CA SI0024) J. Santoro, 
C. Dan ow, L, Wang and J. 0. Roederer 

Results from Ionospheric modification exper- 
loanli. laboratory simulation eiperlments, and 
theoretical studies support a physical model 
of Ionospheric csvltoni. Cavltons, or density 
cavities, may occur naturally and may be 
enhanced during modification anperfunts using 
high iiower oloctronagnetlc waves. Their 
presence alters the excited electmibatlc wa»o 
characteristics and the rorttcllon properties 
of the EH waves. Tho relationship or cavltons 
ly othor nonlinear phenomena and their role 
In Ionospheric modification oxpcrlmontj •« 
discus sod. The rocontly completed KIPAS HF 
Transmitting Facility I* al*o descrl hid. 

(Cavltons, lllPAS facility, ionospheric modifi- 
cation). 

Rod, Rcl. , Pnpor 3SIQI0 


n7XA FlMt—cv’l'* 

j-l..'1'tn i >‘i:< kiwe. f"F Uiy^r uISTa::ch 

0l«a I. Yu[da*..'V Ilnatlluiv uf Ela-:cronlci, Sollu, 
Bulgaria) 

Tbc acBicerlni *f high (ro)vent> scaler vavee by a 
raflactlng surface canLalnlns LfcO-Scals, tuo- 
dlnsnslonal randoa Irregular It l«a la wnilihiil. AH 
possible specular contrl but Ians . as wall as tlw affects 
*r large-acala shadowing, aro accounted for. apraS- 
alL.ua for rho average riold and tha avaraga In tonal ti- 
ara dsrlvad aud avaluarad nimsrlcally. The tosuIlb 
obtainsd differ qualitatively fxon Ihoaa known in the 
literature and sgrts with tha Intsst svperluanlal data. 
(Sc at taring, rough surfaces, shadowing) - 
Rad. del.. Paper 3SI417 


fonuula lur Che acoustic Ispidnra. The Inrsaliss ul 
linear Inverse theory ta cut to show that tha 
lagarltha of tha noraallaad aco'iilkc iapadance 
fitlnaied f rsa tha daconvolvui •iiatiiria is 
■ pprorinctaly an avaraga of tha true logarithm af the 
lapadanca. Kcraovar , tha averaging function va 
Identical to that used in deconvolving tha initial 
as 1 saograa . Tha advantage ol these averages la chat 
they ara uniquo; their -it S ad van ■ age la that 
Low-frequency inforaalion, vouch it crucial to asking a 
geologic Interpretation, la alaaihg. 

We nan present two aathods by which Ihe eiasinp 
lew-frequency Info rear tun can bi recovered. The lirvi 
netho-i la a linear progriaamg iLPi cnnitructlon 
algurilho which allanpti to find a reflactiwltc 
function nnje ol iiolatad delta f-nriioni, Thia nethn.l 
ta cunput at Eonall y efficient and cub. at m th-i preaenc* 
uf nolle. Inpurtanl I v. It alao landa liielT to m* 
incur pan) ion af iapedancu cunatraBta if au'h 
inforoatlun ta avail able. A aero-id const rue i ion am hud 
aikei me of the fact that the Fourier rrenifvrn ■>( 1 
reflactiviiv (unction for a layarrJ earth tar. be 
»dvled aa an aul"ragraaalva UP) pihrn. Tna anno/ 
high and low (reguenciaa can ihua be pr.-dlrtel fron rha 
baad-linlcad reflect Iwtty function, bv vianderi 
lachnlguea. Stability in the preaanca uf additive nc-laa 
an the aelaougran is achieved by predicting frequent iaa 
out side rhe known frequency band with operator a of 
al ffereni order* and eatrarcintr a »■«»» vlgnal frow 
lha results. 

Our construction algor Khaa ara shown r* operate 
successfully on a variety ot aynthetic aianplee. Two 
■eciiona of field data ara inverted, and in both ihe 
mulct Iron tha LF and Aft uathoda ara aiollar and 
coopare favorably co acoustic tnpadanre fsalurea 
obssrvsd st naarby wells. 

CEOPUfSICS. VOL. IS. NO. 10 


Hydrology 


J no rroslon and Ssdlaentation 

ORGANIC KinifUS PAD I IClESi lNlfIAriO*l Or WlICp’i tf'l- 
IERIA Q.T SAffl »0 GRAl'CL EEC'S 


Oijrj Cc*no*ltlon {Atomic or nslscular} 

NITRIC OXIDE IN TUB UPPER STRATOSPMRS: HEASUREWNTS 
AND GEOPHYSICAL INTERPRUTATION 

J. J. Horvath {Spaca Phy.los Rass.reh Laborstury, 

Uni vers tty oF Michigan, Ann Arbor. Hlcblgan, «109). 

a w rl .1. (J Aal 4 fli . 1. B. DOUflUS 


J. B. Prod#rlck. H. Orslnii 

A rockot-borns para chute -deployed chwlluBlnsscanca 
... . ■nvrm caw ■ 


A rockot-borna paracnutu-uwy.uy^- — -------- 

Inscrumant hns obtainsd ssvon nay ^ 

acnospharic nitric os Ida for altitudes «d 

3d ta at mid -latitudes. Thais TMults, whan w*insd 
with profiles meaaund by an ssrllar Wtslon of tto 
lutnuat, «var all four Maeons and P r ^‘ J * l “ 
P lntu» a 


07Si Osnsral ( Surface fares) 

THE KQL'AL dPinRlH OP A OROmSID BYPONAONSIIC SLAB 
11 TH A PbP.KHSICUUR OR PARALLEL AI1B OP IU(1»TIU 
T10I1 

a. x. Ununoglu (Dipt, of Slectrlosl Eng., 1st tonal 
Tech. Unlvarsliv of Athens, ItT.Orvaoa! .J.L.Iaalamnp- 
aa and J.a.Plslorta 

Blantrosagnallo aava procsrallon alffnf s In IS lass, 
vraundsd, gvremagnst I o alnb.Bapsistlisd psrpsndlculor 

or parallal to ihs farrlta-alr lnterfnea.li canalda- 
»a anslvt loaliv for sn arbtirarv dlrsntton of prop- 
, ration parallel to the stab suTaae. In aldltloa 
to the usual surface wives, lbs present structure Is 
found to support proper oanplex ones , Shiah, corrsapo- 
nllng to srsssiasal anas i, carry no real purer, but 
aav store raaoilvs anarpy. Prapagaltcd eanllilona 
are discussed ind.al no, dispersion ralatlono nod 
field Intensity distributions for tbs supported 
modes are dsrlvad. A variety of related nuurlsnl 
results. is prsssatsd in uveral plots. 

Rad. Bel., Paper 351517 


J. S. Fisher (Civil Cnqimrjng Dspartrcnt , Lorth 

Cbto" ' 


Carolina 5 Is La University, Raleigh, l.otlh Carol tna, 
77AW) 

Laboratory BipsrlprntB wBIO used to o.tcnd IM appli- 
cation of tha Shields eritralnTont functuxi ta hath or- 
ganic aidlmenla and inurganlc andlunla avatpoaslr.j 3 
bod carpaied or particles af a dirfeiant alio. A total 
of 39 Mm ecparuwita us™ conducted ta airulatr or- 
ganic BBdlmwit ration over sand and gravel atfaaa bods. 
Although lha study erphasla waa on organic partlcleo, 


Exploration Geophysics 


Although tha study arphsals waa on organic partlcleo, 
sou of Lha tests Included IrarginiE sodlnentB. Tha 
bed particle dlsnalars ranged fris» 0,7 1 10 _Jn to 72 "» 
ID -1 * whllg tho organic parttclm dlaratara rangod fran 
a, S3 « 10 -J ra to 7.45 v lB”'v>, A v leual Laohnlquo «u 
used to dot era Ins tha Initiation of rollon. IM lab- 
oratory- resirlta vers uuvd ta dorivt a ml) fled Shin Ida 
ralitionahip uhleh Includes both tha transported end 
bad partlcla character I at lea. this nodi fled Shields 
f met ion predicts the Initiation of cation of both ar- 
mnle end inorganic particles rnsrpaeaing beds uhtne 
carport t ion la BlgnlficantLy different iron trace par- 
tic] bb. fhese results have direct application ta tha 
predict Ion or Incipient rot lav af organic and Inorganic 
deLrltua part Iclaa in Ht roans and eituarUl. [Dotrilus, 
ealmrlm gpdlmanLatlonl 
Bscst Bnaur. Bos., Paper SW119F 


SlUl| em Status 

^LPairi r F c .^ Wootl ^)* Nikolaus Christou 
Ronald Au . r (GP )» Shei 7l Franklin (H). 

(Ul. CharU n r 'c fI ^' Daene c - McKinney 
ri « a. Stone. Brian Woodruff (A). 


during difforont obssrvaejons vlth tta largs.t vrt«. 
tending co appear at tho greataithei^U 
Bumlnatlon of the dlfforancas oepng tho profile*, 
which exceed a factor of 3 now tha sirstopsusa. 
imeasca that ebay arise fron tha action of transport 
Sl ddChX air talc As ald-latltuda 
atratosphere frer rsflons of eta areorphsre Aac 
widely dlfferenfedd nitrogen obundsncai. (Nitric 
olds, chaallualcescaaco). ... 

J. Ceopbya. Rat., Craeu, Paper 3CI*53 


0920 Hignatle sad alaairleal eathbds 

PUCOTERY OF A HlBIBALIZED ASZCOIA FIFE DBIHO GRADIENT 
AIRAT imilCSD FCLAUMTIOJI - 

1 . I. Rest (Nlalag Osophyalctl Surveys, tec., «■ 

Craet Load. Tuesaa, U 3*719) W. 0. Vladuvllc «d 0. K. 
bit 


Tbs ProBOBterto breccia pipe lose ted io soacbavn 
Bonora,. Mexico, baa bus alnad 1*( erelttaitly for 


Pceai) Sciences Meetip A 
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sllrer slues eba leva or !b« aantury, NicsraltiAi !»■ 
acaars aa salfLdos io ilia aatrlp ef lha breccia. TVO *o 
fire ptreant pyrlia *Uo oeeors In the prsntmaral 
iidsslte tbei tbe breccia pin bee inirwdsd. 

Gaoloilc aapplng lad ta tba dUaovory of a aeall, 
vulnsrillitf braes la la tniylf IDO a »m of 
fneoatOrla. Ihs diredvsry of ibis brsaola sasuc raged 
tbdsaarch for other bidden elnsfallaad brceolal Le 
„ree ebaeured ly ^.ftaarel al lev tap. Ekplaratloa of 

lha* apse rad af... w|. ..triad »l -Atb » Educed 

polar Lt iic lea (IP) *«d real srt*i», aurbip offer * real 
tins Indicated ibii a dire tael IP anomaly secure over 
tins igaieacea ““ esedleal Jrrlv WAS 


STmE*!* brieelaTripa. fh. gr.dia.i -fr.y was 

chossa as lha most efraetfyratactreda dmf lgiirftioBjo 
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. dstsLLsd IP eoiangl svcsssny is ldagim sHl 1 bracal, 

; P revir.l seoMtaua TP *raudi wsra loc.tsd. The mssf 
Ulareiting an* baa .am appanpL reapoosa of ill » .M. 

: w ‘ LtS 5**7*., * u.‘ r* , Meteorology 

MM. ta' «■*» * r,4 V 

; Era margimsl *• »”■ 

dHWpYSICi, TCL. W. Pp-. l® 


3199 Kiaccllaneoui (Drinking Hater Rlstsl 
IKE RISES W HINftMC HAIZfl 

p. A, C. Crouch, H. UHbob aoi L. la law i Enorpy and 
re vlrcn wo Dial Policy Comer, Jafferaon Thyaleal 
LAnuory, Ranard Inlvaralcy, Cubrldiiv, 
HsaMcbusstia, Dll 381 

gipuuraa to tha leu levels nf argmlc c-aprucdo 
found in drinking war or ml She causa a varlsty of 
health olfectl, rancor belmg nia of greac ton tan. The 
aattaiilon of cancer rlah la >acertaln, which uy in 
pen inplaiu uhy eoncwr rlok la nut properly ccnuld- 
arad Iu asinbll«h(nyi drinking water it in Jar Jr. Current 
standard! for o given vhv-mUal or class of rtumlcdln 
da act accuunt lor Ihe piedanco of othor pullutonttl 
dwmicala which ham ont been tearoi) in Iraig pere oral 
b loans vs are gona tally Ipnoroili mi cha iBiv'etuiuiies 
of risk calc ul* i lane arm tint explicitly cmtldtrcd. To 
better quantify UAr from drinking u-iieru, wv qpli 

t recadurea whlcb lacorpurute uaasurus of uncotiainty 
■ro the rl it coicalatlrei and cunaidsr oil chcmlrais 
tncludf d in a water analysis. 'Hill procedure la drn- 
psaifitii by rjlculeting risks for a ova ml IS water 
adppflse. Our risulte shew fhal Bum biIqIi* pOH 
nydiritsly high risks. (Hater atplidardu, cmicor .rlqk , 

MSttiaamtl, 

Hater Maour, Bash Papar 31)1490 
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r "«f W TL,0TI0B ; 

; wi? T. S-Bti ! ' • 

■I ^ dsaafeis tba ,pfab Isis *1 reeovarf dg.,lU ■ 

>■' -“iff 1 tareir. fi. a huVltadcsd tarert tacld.cc a 
^ f ouarelut tuua I god. 1 lex tha 


' " .wtaoddipe si SI eh * ,uef smt , add-lE La 

^te llc'at partied -f tb. f.p.f ** 


JTJ1 Electrical n-rnafSOiA 

□tAUB BKPARAnw manic ruftvU up imu hatch rtnps , 

in TBAHSlggfT FUNS . ' ' ■ 

D. Dtry tala' aud S; Taaklo (Dapartnant of Hubanlcrl mud 
Jareopice Emgtaasftag, lut gars Dr t varsity .,Avw Bruca- 
wUk; Hr Jecsay, 08103)- -.‘j. 

ifcan water drops ruptura. there la uouallp a sipure- 
tlon of .charge asroctatod with 1 tbs shearing ol a eur- 
fack eleCtftcpV d nubia tayey. Thl* ptienoasua haa long 
born kaovlri sad studied ta lafga drops' In Miidy, flows . 
^He Ins.aitfnU these results ta puli U'-I m) drerp- 
■ |(ti In tba treUlSOE (low faahla4 a shock, wave, Such 
'charge separation could account .tor Lha lightning- «b- - 
•erred noar volcanoes apd ebove-grouad thareonuciesr 
atpldslcsis. A ohargo regenoraefoa >laa occora In corn- 
won thuMor (tores dee. to. thundqr-ttyducoJ dvgp fragaaik- 
tarler. bot.thta of foot gtwo* oaly a minor conertbo-. 
tide to tha crept* dlatrlbuclon lo • ctnsiilarcLedd. 

•1. Mfftjrt. Ms:i B/rna, fspbt lCIill 
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